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Fig.l. 


Sequence 1 The BRCA2 cDNA 
The sequence is shown 5' to 3' 

NCNAAAGTTTAAGGGAGTTGTTTAGGAGGAAATTTGATTTAATTCAGAAA 

NTGAGCATAGTNTTCCANTATTCACCTACGTTTTAGACCAAAATGTATCA 

AAAATACTTCCTTCGTGNTGATAAGAGAAACCCAGAGCACTGTGTAAACT 

CCAGAAATGGAAAAAACCTGCAGTAAAGAATTTAAATTATCAAATAACTT 

aaatgttgaaggtggttnttcagaaaataatcactctattaaagtttctc 

CATATCTCTCTCAATTTCAACAAGACAAACAACAGTTGGTATTAGGAACC 

AAAGTNTCACTTGTTGAGAACATTCATGTTTTGGGAAAAGAACAGGCTTC 

acctaaaaacgtaaaaatggaaattggtaaaactgaaactttttctgatg 

TTCCTGTGNAAACAAATATAGAAGTTTGTTCTACTTACTCCAAAGATTCA 

GAAAACTACTTTGAAACAGAAGCAGTAGAAATTGCTAAAGCTTTTATGGA 

AGATGATGAACTGACAGATTNTAAACTGCCAAGTCATGCCACACATTNTC 

TTTTTACATGTCCCGAAAATGAGGAAATGGTTCTGTCAAATTCAAGAATT 

GG AAAAAG AAG AGGAG AGO CC C TTATC TT AGTGGG AG AAC CCTCAATC AA 

AAGAAACTTATTAAATGAATTTGACAGGATAATAGAAAATCAAGAAAAAT 

C C TTAAAGGC TTC AAAAAGCACTC CAG ATGGC AC AAT AAAAG ATTG AAGA 
TTGTTTGTGCATCATGTTTCTTTAGAGCCGATTACCTGTGTACCCTTTCG 
CACAACTAAGGAACGTCAAGAGATACAGAATCCAAATTTTACCGCACCTG 
GTCAAGAATTTCTGTCTAAATCTCATTTGTATGAACATCTGACTTTGGAA 
AAATCTTCAAGCAATTTAGCAGTTTCAGGACATCCATTTTATCAAGTTTC 
TGCTACAAGAAATGAAAAAATGAGACACTTGATTACTACAGGCAGACCGA 
CCAAAGTCTTTGTTCCACCTTTTAAAACTAAATCACATTTTCACAGAGTT 
GAACAGTGTGTTAGGAATATTAACTTGGAGGAAAACAGACAAAAGCAAAA 
CATTGATGGACATGGCTCTGATGATAGTAAAAATAAGATTAATGACAATG 
AGATTCATCAGTTTAACAAAAACAACTCCAATCAAGCAGCAGCTGTAACT 
TTCACAAAGTGTGAAGAAGAACCTTTAGATTTAATTACAAGTCTTCAGAA 
TGCCAGAGATATACAGGATATGCGAATTAAGAAGAAACAAAGGCAACGCG 
TCTTTCCACAGCCAGGCAGTCTGTATCTTGCAAAAACATCCACTCTGCCT 
CGAATCTCTCTGAAAGCAGCAGTAGGAGGCCAAGTTCCCTCTGCGTGTTC 
TCATAAACAGCTGTATACGTATGGCGTTTCTAAACATTGCATAAAAATTA 
ACAGCAAAAATGCAGAGTCTTTTCAGTTTCACACTGAAGATTATTTTGGT 
AAGGAAAGTTTATGGACTGGAAAAGGAATACAGTTGGCTGATGGTGGATG 
GCTCATACCCTCCAATGATGGAAAGGCTGGAAAAGAAGAATTTTATAGGG 
CTCTGTGTGACGTAAAGGCCACATAGTGGATAAACCATGTGCCACTTGAG 
GAATTGAGAAAAAGTCAGTGTGTTTAGAACATAAGGAGAGGGGCAGAGAA 
ATGGATCTGGTACAGGAGAATCAATGAGACCGGGTAAGAAACAGAAAAGG 
GGCTGCACCAAATGATTGACACGCTCTGCAAACTTCTTTTGTTGGCTCAA 
GTTGTGGCTCAAGAGGTGAGAAGGTAAGGCCAGACTTATTTGTTATGATT 
TGCCCTTTAAATTGAAGCCTTAAGATTGGAATTCGATATCAAGCTTATCG 

ATACCGTCGACCTCGAG 
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Fig.2(a). 

Genomic organisation of the BRCA2 gene 
exon2 9 f 

genomic cgtaaaaatggaaattggtaaaaccgaaactttttctgatgttcctgtga 

genomic anncaaanatagaagtttgttctacttacncccaagattcagaaaactac 

genomic tttgnaacagaancagnagaaattgccaaagcttttatggaagatgatga 

genomic actgacagattccaanctcccaantcatgccacacattctctttttacat 

cDNA GTCCCGAAAATGAGGAAATGGTTTAGTCAAATTCAAGAATTGGAAAAAGA 

genomic GTCCC G AAAATGAGGAAATGGTTTTGTCNAANTCAAG AATTGGAAAAAGA 

cDNA AGAGGAGAGCCCCTTATCTTA-GTGG 

genomic AGAGGAGAGCCCCTTATCTTANCNGGgtaagtnttcatttttacctttcgcc 
genomic nttgccaaccactatttttaaagtgtttattcagtagacttggtatgcta 
genomic acaattaagagtgttataaactatgtcttttcagccattcttgtgcagtc 
genomic agtttgggggagtatggtttgatatacagatacacagattcagtattcgt 
genomic acacagatttgatatcttggtatacagattcgatatctctgaatctgtat: 
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Fig.2 (b). 


exon 29e 

CDNA gagaaccctcaatcaaaagaaacttattaaadgaatttgacaggataat 

cDKA agaaaatcaagaaaaatccttaaaggcttcaaaaagcactccagatg 
genomic AAATcAaGAAAA-TCCTTAAAGGNTTCAAAAAGCAC iCCAGATG 

genomic gtaaaatcagctttttatttatatctgtcctccccctataggtatggtat 

genomic ataatattctgacctcaggtgatccacctgcctctcaaagtgctgggatt 

genomic acagacatgagccactgtgcctaatcaagggacctctttatactcttaaa 

genomic aattactgaggacctaaaagagcatttggttatgtggaatatatctattg 


exon29d FiQ.2 (C). 

genomic tgtactgtgagttatttggtgcatagtcattatcaatctgtgaatcaatt 

genomic tattt tcatagctaacatttattgagcatccgttacattcactgaaaat t 

genomic gtaaagcctataattgtctcaaattttttgtgtatttacagtaacatgga 

genomic tattctcttagattt taactaatatgtaatataaaataactgtttcc tag 

CDNA GCACAATAAAAGATCGAAGATTGTTTATGCATCATGTTTCTTTAGAGCCG 

genomic GCACAATAAAAGATCGAAGATTGTAGGGCATCAGTT AGCCG 

cDNA ATTACCTGTGTACCCTTTCG 

genomic ATTACCTGTGTACCCTTTCGgtaagacatgtttaaatttttctaaattct 
genomic aatacagtatgagaaaagtctcgtttttataaatgaacatttctaaaaat 
genomic aatgacactaacgttaagaagttaacacttcccgttttataaaatttata 
genomic aaatactttggtagtattctatagtgctgttcatatcattattttatttt 
genomic ttaatttcacgacagctttgtaaagtagacagattttat tctaattttat 
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Fig.2(d). 


acacaccgagaggtccacacctgacagatttactntaccatgngttargt 


genomic gaggcagat cgcaagccaaaggccagccttgaaaaatgcgacac tgt - _t 


genomic ggaatggcaacca tggngaanacaaaacagtnaccagaatngtatcacca 


genomic tgtagcaaatgagggtctgcaacaaaggcatactcataaatattnanang 

cDNA CACAACTAA 

genomic tgtagtagtcaatnaacttataaatt ttntccccantgcagCACNANTAA 

CDNA GGAACGTCAAGAGATACAGAATCCAAATTTTACCGCACCTGGTCAAGAAT 

genomic GGGACGTCAAGAGATACAGAATCCANATTTTACCGCACCTGGTCANGGAT 

CDNA TTCTGTCTAAATCTCATTTGTATGAACATCTGACTTTGGAAAAATCTTCA 

genomic TTCTGTNTAAATATCATTTGTATGAACATCTGACTTTGGAAAAATCTTCA 

cDNA AGCAATTTAGCAGTTTCAGGACATCCATTTTATCAAGTTTCTGCTACAAG 

genomic AGCAATTTNGCAGTTTCAGGACATCCATTTTATCAAGTTTCTGCTACAAG 

cDNA AAATGAAAAAATGAGACACTTGATTACTACAGGCAGACCAACCAAAGTCT 
genomic AAATGAAAAAATGAGACACTTGATTACTACAGGCAGACCAACCAAAGTCT 

cDNA TTGTTCCACCTTTTAAAACTAAATCACATTTTC - ACAGAGTTGAACAGTGT 

genom i c TTGTTCCACCTTTTAAAACTAAATCACATTTTCCACAGAGTTGAACAGTGT 

C DNA GTTAGGAATATTAAC TTGG AGGAAAACAGAC AAAAGC AAAAC ATTGATGG 
genomic ggangaaaca tATTNAAGCAAAAC ATTGATGG 

cDNA AC ATGGC TC TGATGATAGTAAAAAT AAG ATTAATGAC AATG AGATTC ATC 

genomic ACNTGGCTC TGATGATAGTAAAAAT AAGATTAATGACAATGAGATTCATC 

cDNA AGTTTAACAGNAACAACTCCAATCAAGCAGCAGCTGTAACTTTCACAAAG 

genomic AGTTTAACAAAAACAACTCCAATCAAGCAGCAGCTGTAACTTTCACAAAG 


cDNA TG TG AAG AAG AACCTTT AG 

genomic TGTGAANAAAAACCTTTAGgtatcgcatgacaatttgtgtgatgaatttt 


genomic cgcccttcagttanacattoccgtcgccaaataatgtcctgatggtttnc 
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Fig.2 (e). 

genomic cccccttggtggcggtaatttcaaagcccttttitaatigttccagacttcc 
genomic caaatccaaagatraggtttaaattatcctaatgtttctttcaaanataa 


exon a 


cDNA ATTTAATTACAAGTCTTCAGAATGCCAGAGA 
c DNA TATACAGGATATGCGAATTAAGAAGAAACAAAGGC AACGCGTCTTTCCAC 
CDNA AGCCAGGCAGTCTGTATCTTGCAAAAACATCCACTCTGCCTCGAATCTCT 
cDNA CTGAAAGCAGCAGTAGGAGGCCAAGTTCCCTCTGCGTGTTCTCATAAACA 
cDNA GCTGTATACGTATGGCGTTTCTAAACATTGCATAAAAATTAACAGCAAAA 
cDNA ATGCAGAGTCTTTTCAGTTTCACACTGAAGATTATTTTGGTAAGGAAAGT 
cDNA TTATGGACTGGAAAAGGAATACAGTTGGCTGATGGTGGATGGCTCATACC 
cDNA CTCCAATGATGGAAAGGCTGGAAAAGAAGAATTTTATAGGGCTCTGTGTG 
cDNA ACGTAAAGGCCACATAGTGGATAAACCATGTGCCACTTGAGGAATTGAGA 
cDNA AAAAGTCAGTGTGTTTAGAACATAAGGAGAGGGGCAGAGAAATGGATCTG 
cDNA GTACAGGAGAATCAATGAGACCGGG7AAGAAACAGAAAAGGGGCTGCACC 
cDNA AAATGATTGACACGCTCTGCAAACTTCTTTTGTTGGCTCAAGTTGTGGCT 
cDNA CAAGAGGTGAGAAGGTAAGGCCAGACTTATTTGTTATGATTTGCCCTTTA 


cDNA 


cDNA 


ACCTCGAG 
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Fig. 3. 

BRCA2 protein sequence 

Plaque 14 was translated in all 3 possible frames. The following protein sequence is the 
most likely of the 3 frames. 

KVGSCLGGNL IFRXAXSXIHLRFRPKC I KNTSFVXIRETQSTVTPEMEKT 
CSKEFKLSNNLNVEGGXSENNHSIKVSPYLSQFQQDKQQLVLGTKVSLVE 
NIHVLGKEQASPKNVKMEIGKTETFSDVPVXTNIEVCSTYSKDSENYFET 
EAVEIAKAFMEDDELTDXKLPSHATHXLFTCPENEEMVLSNSRIGKRRGE 
PLILVGEPSIKRNLLNEFDRIIENQEKSLKASKSTPDGTIKDRLFVHHVS 
LEPITCVPFRTTKERQEIQNPNFTAPGQEFLSKSHLYEHLTLEKSSSNLA 
VSGHPFYQVSATRNEKMRHLITTGRPTKVFVPPFKTKSHFHRVEQCVRNI 
NLEENRQKQNIDGHGSDDSKNKINDNEIHQFNKNNSNQAAAVTFTKCEEE 
PLDLITSLQNARDIQDMRIKKKQRQRVFPQPGSLYLAKTSTLPRISLKAA 
VGGQVP SAC SHKQLYTYGVSKHC I KINSKNAESFQFHTEDYFGKESLWTG 
KGI QLADGGWL I P SNDGKAGKEEF YRALCDVKAT 










Fig.4(a). 


BRCA2 cDNA 

CCACATTGGAAAGTCAATGCCAAATGTCCTAGAAGATGAAGTATATGAAACAGTTGTAGA 


' r AC r TCTGAAGAAGATAGTTTTTCATTATGTT'TTTCTAAATGTAGAACAAAAAATCTACA 

AAAAGTAAGAACTAGCAAGACTAGGAAAAAAATTTTCCATGAAGCAAACGCTGATGAATG 


TGAAAAATCTAAAAACCAAGTGAAAGAAAAATACTCATTTGTATCTGAAGTGGAACCAAA 


TGATACTGATCCATTAGATTCAAATGTAGCAAATCAGAAGCCCTTTGAGAGTGGAAGTGA 

CAAAATCTCCAAGGAAGTTGTACCGTCTTTGGCCTGTGAATGGTCTCAACTAACCCTTTC 

AGGTCTAAATGGAGCCCAGATGGAGAAAATACCCCTATTGCATATTTCTTCATGTGACCA 

AAATATTTCAGAAAAAGACCTATTAGACACAGAGAACAAAAGAAAGAAAGATTTTCTTAC 

TTCAGAGAATTCTTTGCCACGTATTTCTAGCCTACCAAAATCAGAGAAGCCATTAAATGA 

GGAAACAGTGGTAAATAAGAGAGATGAAGAGCAGCATCTTGAATCTCATACAGACTGCAT 

TCTTGCAGTAAAGCAGGCAATATCTGGAACTTCTCCAGTGGCTTCTTCATTTCAGGGTAT 

CAAAAAGTCTATATTCAGAATAAGAGAATCACCTAAAGAGACTTTCAATGCAAGTTTTTC 

AGGTCATATGACTGATCCAAACTTTAAAAAAGAAACTGAAGCCTCTGAAAGTGGACTGGA 

AATACATACTGTTTGCTCACAGAAGGAGGACTCCTTATGTCCAAATTTAATTGATAATGG 

AAGCTGGCCAGCCACCACCACACAGAATTCTGTAGCTTTGAAGAATGCAGGTTTAATATC 

CACTTTGAAAAAGAAAACAAATAAGTTTATTTATGCTATACATGATGAAACATCTTATAA 

AGGAAAAAAAATACCGAAAGACCAAAAATCAGAACTAATTAACTGTTCAGCCCAGTTTGA 

AGCAAATGCTTTTGAAGCACCACTTACATTTGCAAATGCTGATTCAGGTTTATTGCATTC 

TTCTGTGAAAAGAAGCTGTTCACAGAATGATTCTGAAGAACCAACTTTGTCCTTAACTAG 

CTCTTTTGGGACAATTCTGAGGAAATGTTCTAGAAATGAAACATGTTCTAATAATACAGT 

AATCTCTCAGGATCTTGATTATAAAGAAGCAAAATGTAATAAGGAAAAACTACAGTTATT 

TATTACCCCAGAAGCTGATTCTCTGTCATGCCTGCAGGAAGGACAGTGTGAAAATGATCC 

AAAAAGCAAAAAAGTTTCAGATATAAAAGAAGAGGTCTTGGCTGCAGCATGTCACCCAGT 

ACAACATTCAAAAGTGGAATACAGTGATACTGACTTTCAATCCCAGAAAAGTCTTTTATA 

TGATCATGAAAATGCCAGCACTCTTATTTTAACTCCTACTTCCAAGGATGTTCTGTCAAA 

CCTAGTCATGATTTCTAGAGGCAAAGAATCATACAAAATGTCAGACAAGCTCAAAGGTAA 

CAATTATGAATCTGATGTTGAATTAACCAAAAATATTCCCATGGAAAAGAATCAAGATGT 

ATGTGCTTTAAATGAAAATTATAAAAACGTTGAGCTGTTGCCACCTGAAAAATACATGAG 
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Fig.4(b). 

AG7AGCA7CACC77CAAGAAAGG7ACAA7TCAACCAAAACACAAA7C7AAGAG7AA7CCA 

AAAAAA7CAAGAAGAAAC7AC77CAA777CAAAAA7AAC7G7CAA7CCAGAC7C7GAAGA 

A77777C77AGACAA7GAGAA7AA7777GTC77C7AAG7AGC7AA7GAAAGGAA7AA7CT 

TGC7T7AGGAAA7AC 7AAGGAAC 7TC A7GAAAC AGAC T7G AC7TGTG7 AAACG AACC CA7 

7TTCAAGAAC7C7ACCA7GG77T7ATA7GGAGACACAGG7GA7AAACAAGCAACCCAAG7 

GTCAA7TAAAAAAGAT7TGGTT7ATG7TCTTGCAGAGGAGAACAAAAA7AGTGTAAAGCA 

GCATA7AAAAA7GACTCTAGGTCAAGA7TTAAAATCGGACATC7CCTTGAA7ATAGATAA 

AA7ACCAGAAAAAAA7AATGATTACA7GAACAAA7GGGCAGGACTCT7AGGTCCAATTTC 

AAATCACAGTTTTGGAGGTAGCTTCAGAACAGCTTCAAATAAGGAAA7CAAGCTCTCTGA 

ACATAACATTAAGAAGAGCAAAATGTTCTTCAAAGATATTGAAGAACAATATCCTACTAG 

TTTAGCTTGTGTTGAAATTGTAAATACCTTGGCATTAGATAATCAAAAGAAACTGAGCAA 

GCCTCAGTCAATTAATACTGTATCTGCACATTTACAGAGTAGTGTAG7TGTTTCTGATTG 

TAAAAA7AGTCATATAACCCCTCAGATGTTATTTTCCAAGCAGGA7TTTAATTCAAACCA 

TAATTTAACACCTAGCCAAAAGGAGCAAATTACAGAACTTTC7AC7ATATTAGAAGATTC 

AGGAAGTCAGTTTGAATTTACTCAGTTTAGAAAACCAAGC7ACA7ATTGCAGAAGAGTAC 

AT77GAAG7GCCTGAAAACCAGA7GACTATCTTAAAGACCACTTCTGAGGAATGCAGAGA 

TGCTGA7CTTCATGTCATAATGAATGCCCCATCGATTGG7CAGGTAGACAGCAGCAAGCA 

A777GAAGGTACAGTTGAAATTAAACGGAAG7TTGCTGGCC7G7TGAAAAA7GACTGTAA 

CAAAAGTGCTTCTGGTTATTTAACAGATGAAAATGAAGTGGGGTTTAGGGGCTTTTA7TC 

TGCTCATGGCACAAAACTGAATGTTTC7ACTGAAGCTCTGCAAAAAGC7GTGAAACTG7T 

TAGTGATA77GAGAATA7TAG7GAGGAAACTTCTGCAGAGGTACATCCAATAAGTTTA7C 

TTCAAGTAAATGTCATGAT7C7G7CG7TTCAA7G7T7AAGATAGAAAA7CA7AATGA7AA 

AACTGTAAGTGAAAAAAATAATAAATGCCAACTGATAT7ACAAAA7AATATTGAAATGAC 

TAC7GGCAC7TTTGTTGAAGAAAT7ACTGAAAATTACAAGAGAAATACTGAAAATGAAGA 

TAACAAATA7ACTGCTGCCAGTAGAAATTCTCATAACTTAGAAT7TGATGGCAGTGA7TC 

AAGTAAAAATGA7AC7GTTTGTA77CA7AAAGATGAAACGGACTTGCTATTTACTGA7CA 

GCACAACATA7GTCT7AAA7TA7CTGGCCAGTT7A7GAAGGAGGGAAACACTCAGATTAA 

AGAAGAT7TGTCAGA7T7AAC7T7T7TGGAAGTTGCGAAAGCTCAAGAAGCATGTCATGG 

TAATACTTCAAA7AAAGAACAGT7AAC7GC7AC7AAAACGGAGCAAAA7ATAAAAGATTT 


Fig. 4(c). 

TGAGAC77CTGATACAT7TTTTCAGAC7GCAAG7GGGAAAAA7A77AG7GTCGCCAAAGA 

GTCAT7TAA7AAAA77G7AAAT7TC77TGATCAGAAACCAGAAGAA7TGCA7AACTT77C 

C77AAA77C7GAA77ACA7TCTGACA7AAGAAAGAACAAAA7GGACA77C7AAG77ATGA 

GGAAACAGACA7AGT7AAACACAAAATAC7GAAAGAAAGTG7CCCAG77GG7AC7GGAAA 

7CAAC7AG7GACC7TCCAGGGACAACCCGAACG7GATGAAAAGA7CAAAGAACC7AC7C7 

G77GGGTT77CA7ACAGC7AGCGGGAAAAAAGT7AAAA77GCAAAGGAA7C7TTGGACAA 

AG7GAAAAACC777T7GA7GAAAGAGCAAGG7AC7AG7GAAA7CACCAGT777AGCCA7C 

AATGGGCAAAGACCCTAAAGTACAGAGAGGCCTGTAAAGACCTTGAATTAGCATGTGAGA 

CCAT7GAGA7CACAGC7GCCCCAAAG7GTAAAGAAA7GCAGAA7TC7C7CAA7AA7GA7A 

AAAACCTTGTTTCTATTGAGACTGTGGTGCCACCTAAGCTCTTAAGTGATAATTTATGTA 

GACAAACTGAAAATCTCAAAACATCAAAAAGTATCTTTTTGAAAGTTAAAGTACATGAAA 

ATGTAGAAAAAGAAACAGCAAAAAGTCCTGCAACTTGTTACACAAATCAGTCCCCTTATT 

CAGTCATTGAAAATTCAGCCTTAGCTTTTTACACAAGTTGTAGTAGAAAAACTTCTGTGA 

GTCAGACTTCATTACTTGAAGCAAAAAAATGGCTTAGAGAAGGAATATTTGATGGTCAAC 

CAGAAAGAATAAATACTGCAGATTATGTAGGAAATTATTTGTATGAAAATAATTCAAACA 

GTACTATAGCTGAAAATGACAAAAATCATCTCTCCGAAAAACAAGATACTTATTTAAGTA 

ACAGTAGCATGTCTAACAGCTATTCCTACCATTCTGATGAGGTATATAATGATTCAGGAT 

ATCTCTCAAAAAATAAACTTGATTCTGGTATTGAGCCAGTATTGAAGAATGTTGAAGATC 

AAAAAAACACTAGTTTTTCCAAAGTAATATCCAATGTAAAAGATGCAAATGCATACCCAC 

AAACTGTAAATGAAGATATTTGCGTTGAGGAACTTGTGACTAGCTCTTCACCCTGCAAAA 

A7AAAAA7GCAGCCA77AAAT7G7CCA7A7C7AA7AG7AA7AA7T77GAGG7AGGGCCAC 

CTGCATTTAGGATAGCCAGTGGTAAAATCGTTTGTGTTTCACATGAAACAATTAAAAAAG 

7GAAAGACATA777ACAGACAG777CAG7AAAGTAA77AAGGAAAACAACGAGAA7AAA7 

CAAAAA777GCCAAACGAAAA77A7GGCAGG77G77ACGAGGCA77GGA7GA77CAGAGG 

A7A77C77CA7AAC7C7C7AGA7AA7GA7GAA7G7AGCACGCA77CACA7AAGG77777G 

C7GACA77CAGAG7GAAGAAA7777ACAACA7AACCAAAA7A7G7C7GGA77GGAGAAAG 

777CTAAAA7A7CACC77G7GA7G77AG777GGAAAC77CAGA7A7A7G7AAA7G7AG7A 

7AGGGAAGC77CA7AAG7CAG7C7CA7C7GCAAA7AC77GTGGGAT77T7AGCACAGCAA 

G7GGAAAA7CTG7CCAGG7A7CAGATGC77CAT7ACAAAACGCAAGACAAG7G7777C7G 
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Fig. 4(d). 

AAATAGAAGATAGTACCAAGCAAGTCTTTTCCAAAGTATTGTTTAAAAGTAACGAACATT 

CAGACCAGCTCACAAGAGAAGAAAATACTGCTATACGTACTCCAGAACAT'TTAATATCCC 

AAAAAGGCTTTTCATATAATGTGGTAAATTCATCTGCTTTCTCTGGATTTAGTACAGCAA 

GTGGAAAGCAAGTTTCCATTTTAGAAAGTTCCTTACACAAAGTTAAGGGAGTGTTAGAGG 

AATTTGATTTAATCAGAACTGAGCATAGTCTTCACTATTCACCTACGTCTAGACAAAATG 

TATCAAAAATACTTCCTCGTGTTGATAAGAGAAACCCAGAGCACTGTGTAAACTCAGAAA 

TGGAAAAAACCTGCAGTAAAGAATTTAAATTATCAAATAACTTAAATGTTGAAGGTGGTT 

CTTCAGAAAATAATCACTCTATTAAAGTTTCTCCATATCTCTCTCAATTTCAACAAGACA 

AACAACAGTTGGTATTAGGAACCAAAGTCTCACTTGTTGAGAACATTCATGTTTTGGGAA 

AAGAACAGGCTTCACCTAAAAACGTAAAAATGGAAATTGGTAAAACTGAAACTTTTTCTG 

ATGTTCCTGTGAAAACAAATATAGAAGTTTGTTCTACTTACTCCAAAGATTCAGAAAACT 

ACTTTGAAACAGAAGCAGTAGAAATTGCTAAAGCTTTTATGGAAGATGATGAACTGACAG 

ATTCTAAACTGCCAAGTCATGCCACACATTCTCTTTTTACATGTCCCGAAAATGAGGAAA 

TGGTTTTGTCAAATTCAAGAATTGGAAAAAGAAGAGGAGAGCCCCTTATCTTAGTGGGAG 

AACCCTCAATCAAAAGAAACTTATTAAATGAATTTGACAGGATAATAGAAAATCAAGAAA 

AATCCTTAAAGGCTTCAAAAAGCACTCCAGATGGCACAATAAAAGATCGAAGATTGTTTG 

TGCATCATGTTTCTTTAGAGCCGATTACCTGTGTACCCTTTCGCACAACTAAGGAACGTC 

AAGAGATACAGAATCCAAATTTTACCGCACCTGGTCAAGAATTTCTGTCTAAATCTCATT 

TGTATGAACATCTGACTTTGGAAAAATCTTCAAGCAATTTAGCAGTTTCAGGACATCCAT 

TTTATCAAGTTTCTGGTAACAAGAATGGAAAAATGAGAAAATTGATTACTACAGGCAGAC 

CAACCAAAGTCTTTGTTCCACCTTTTAAAACTAAATCACATTTTCACAGAGTTGAACAGT 

GTGTTAGGAATATTAACTTGGAGGGAAACAGACAAAAGCAAAACATTGATGGACATGGCT 

CTGATGATAGTAAAAATAAGATTAATGACAATGAGATTCATCAGTTTAACAAAAACAACT 

CCAATCAAGCAGCAGCTGTAACTTTCACAAAGTGTGAAGAAGAACCTTTAGATTTAATTA 

CAAGTCTTCAGAATGCCAGAGATATACAGGATATGCGAATTAAGAAGAAACAAAGGCAAC 

GCGTCTTTCCACAGCCAGGCAGTCTGTATCTTGCAAAAACATCCACTCTGCCTCGAATCT 

CTCTGAAAGCAGCAGTAGGAGGCCAAGTTCCCTCTGCGTGTTCTCATAAACAGCTGTATA 

CGTATGGCGTTTCTAAACATTGCATAAAAATTAACAGCAAAAATGCAGAGTCTTTTCAGT 

TTCACACTGAAGATTATT'T'TGGTAAGGAAAGTTTATGGACTGGAAAAGGAATACAGTTGG 
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Fig.4(e). 

CTGATGGTGGATGGCTCATACCCTCCAATGATGGAAAGGCTGGAAAAGAAGAATTTTATA 

GGGCTCTGTGTGACGTAAAGGCCACATAGTGGATAAACCATGTGCCACTTGAGGAATTGA 

GAAAAAGTCAGTGTGTTTAGAACATAAGGAGAGGGGCAGAGAAATGGATCTGGTACAGGA 

GAATCAATGAGACCGGGTAAGAAACAGAAAAGGGGCTGCACCAAATGATTGACACGCTCT 

GCAAACTTCTTTTGTTGGCTCAAGTTGTGGCTCAAGAGGTGAGAAGGTAAGGCCAGACTT 

ATTTGTTATGATTTGCCCTTTAAATTGAAGCCTTAAGATT 


Fig. 5(a). 

HisIleGlyLyaStrJletPraApnValLauGluJUpGluValTyTGlijThxValVaJJlsp 

TSrSarGluGluAap^rPbeSert*uCy6Ph«S«rLy»CyeArgTiirLysAciiLeuGla 

t-yiVaiArgrThrSerl<ysTIirArg£.y»Ly«IlePheiiisGluAlaA4nAI*A«pGluCys 

GluLym5arLyaAjaGlaValx.y»GlttX.y«TyrS«rPti*VaiS«xGluValGlaProJUn 

AspTluJUpProtauA*pS«EAsaValAl4AsaGlnl.y8ProPheGluS4rGlyS#EA*p 

tysIle$erLysGluValValPraSart«uAlaCysGluTrpSarGlaG«u7hrLeuSer 

GlyCeuA*aGlyAIaGla2teeGluI.y«neProUviL«uHieilaSarS«rCy*A*pGln 

^^^SarGluLyaAapLeuLeuAspThiGluAanGyaArgLysLysAspPlieLauTtix 

SarGluAauSerLeuProArgIleSerSerLeuProC.y8SerGluLyaProLeuJUDGlu 

GluThrValValABaLyaArgAapGluGluGlaRisLeuGluSarHisThrAapCyalle 

G«uXlaValLysGlnAlaIleS«rGlyTbxSe rProValAlaSerSarPheGLaGlylle 
LysLysSerllePheArglleArgGXaSarProGysGluThrPheAanAlaSarPlieSer 


20 

to 

50 

80 

100 

L20 

140 
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180 

200 
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240 


GlySiUtecThrAopPrQAaaPhaLysLysGluTUrGluAlaSerCluSttGlyLauGla 2 SO 
I ^ ,eaisTlirV *lCy»S«rGlnLy*GluA*pS«rLeuCysPTaAjnI # eulleAjpA3aGly j gg 
SarTrpProAlaT&rTlirTliiGLnAanS^rValAlaLeuI.ysAaaAlaGlyLeuIleSer 300 
TlirLeuLyBLysLytrrhrAanLysPh.neTyxAlalleHisAspGluThrtarTyrLys 320 
Glyt.yBLyaUeProLyaAapGlnLytSarGluLauIleAaaCysSerAlaGlnPheGlu 3*o 
AlaAsnAlaPheGluAJ.aProL»uThrPbeAlaAsaAlaAapS*^lyL«uL«uHi»S«r 3 SO 
SerValLysArgSarCyaSarGlaAsaAcpSerGluGluProThrLauSerLeuThrSar 380 
SerPheGIyThrlleLeoAxgLy»Cy«SerArgAsnGiuTJvrCysSarA«aJUaThrval 400 
II eS« rGlaAspLauAapTyrLysGluAlal.ytCysAsnLysGluI.ytLeuGlnLauPhe 420 
IleT2u:ProGluAlaAspS«rI.euSerCy*GauGlnGluGlyGLnCysGluAjnAapPro 440 
X.ysSerLyeLy8ValSeeAspIlet,yaGluGluVaIL«uAlaAlaAXaCy»EieProVal 4S0 
GlnaisS*rtyaValGluTyrS«rAapTlirA*pPh«GUiSerGlaLysS4rL«uL«uTyT 480 
AapiUsGluAanAlaSemirLeu21eLauThrProThrSerLysAap7alx.eu54rAai S 00 
GeuValMetlleSarArgGlyLysGluSerrytLyaMt cS«rAapLy*L*uLy»GlyA*n 520 
AsaTyrGluSarAapValGlaGauThrLymAeallaProMetGluLysAaaGlnAspVal S4 0 

CysAlaL^uAanGl uAaaTyrLyaAsayalGl iil«uLcuProProGluLy»Tya4a CArg 560 
ValMaSerProSat^LyaValGlaPheAcitflnAaaThrAsatauAt^/allleGln 580 

LymASBGLnGluGlutlxrThrSarlXeSerLyaneTlirValAaaPraAapSarGluGlu SOO 
LcuPbaSaxXspAsnGluAaaAsaPUaValPbednValJUaAaaGlaArgAaaAaaLeu 620 
AlaieuGlyAanThrLy*aluLeultirt!luTSEA*pL«uThrCy»V*lA*aGl(iProIl« (40 
PhaGyaAaa3erTlir?4eeValI^uTytGlyAapTiirGlyAa ^Lv8Glij Ala , nirGlaVal (60 
SecrieLyaLyaAapLeuValTyrvalLauAIaGluGluAaatyaAjaSerVallytGla (80 
Kisll«x.ysMecThrLeuGlyGlaA*pLeaLy"*$*rA*p2ieSerL*u»aaIl.«AspLys 7oa 
IleProCltiiy*AaEAjBAspTyr*tetA*aLywrrpAlaGlytiML*iiGiyProIl*S«r 720 
A*®Hi6SerPheGlyGlyS«rPli«ArgT7iEAlaS€rA*aI.ysGluIlaLy«UuSerGlu 740 
KisAaalleLysLyaSertyaMecPliePtieLyaAspneGluGluGlaTyTProTIirSar 7(0 
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Fig. 5(b). 

I^uAaaCyaValGluIleValfcaaTkcI^uMal^uAapAsrtJlnLysLyaUuSarLyi 780 

ProGljiSarllaAaflThrValSatAlaKiiLeuGlnSaxSaxValValValSeiAspCy* 800 

Ly^mS e rKi«n.IIxrPro<n^t^u5a.S*rLy8G3^Ph^«r^i. 820 

jUnLavThrProS«r<ilaI.y*GluGlaIleThrGlal*uS«rTlirIleL«'iGl'»**P s * r MQ 

0lyS«rGIfl5h^lul>h*ThrGlaPti«ArgLy*ProS«rTytUeL«uGlJiLysS«rThr 880 

PbeGluValProGluAaaClnJfccThrllaLtulymTlirTtirfertluGluCyaArgAap 880 
Al«AcpLeuHlsValIl«M«tXanAliProS«-rn«ClyGLnValAsp3erSerLy»<jla 900 

Pt«01viGlyTlirV*lGluIleLysArgt.ysPli®Al* < 31y^*ut«uI<ysAaoAapCy3Asn 920 

LysS*rJU.S«rGlyTyrL«uT!irA«p<31uA5aGluV8lGlyPlieXr301yPlusTyrt«r 940 

MaHi-Gly^LyaL a u^nValS«rt7 1 rGluM a L8uGlaLy8AlaVaU.y.^uPh e 960 

S«eA*pIleGluAiaIl*S«rGluGluThrSeE*l4<nuV#lHi8ProIleS«rt«uS«r 980 
S«rS«r£.y*Cy*Hi«A«pSerV*lV«lS«rlSecPbeLy»IleGl'iA8nHi*ft<aAspI.ys 1000 
ThrvWS»*01»ty^uaMaty»Cy*«XaUull«Uueia*«a*«aXl8Clall«nb« 1020 

ThrGlyThrPh*v»lGluGluIl«TSrGlaA«nTyrLytArgA*aTirCluA*cGluXsp 1040 

AaaLysTyrThrAlaAlaSe cArgAsnSarHisAanLeuGluPheAspGlySaeAapSa r 1060 

S*rLysA«nAspThrV»lCy8lleHi6LysAapGluThrA*pLeuL«uPheTlirA*pGla 1080 

Hi*A*ni:ieCyaLeuLysl«uS«rGlyGlnPheH.cLysGluGlyA*nThrGlaIl.lym 1100 
GluABpLeuSerAspL^uTbrPhel^uGluValAlaLy^aaGlaGluAlaC^Hi^ly 1150 
AsnThrS«rAanLysGluGlnl«uTtirAlaTlirLy6ThrGluGlaR3nIl*Lya**pP!i« 1M» 
GluThrS«rAspTbrPhePhftGlaThrAlaSerGlyLysAaaIleSerValAlal*y«Glu 1160 
SarPheAaaLysIlaValAaaPhePheAapGlaLyaProGluGluLauHlaAanPhaSar 1180 
LeuAsoSaxGluteuHisScrAspIleArgLysAarvLysKecAapIlelieuSarTyTGlu 1200 

GluTHrAapri«valI.y8KiatyaIlet«ut.y8GloSerValProVaiaiyTliiGlyA*a 1220 

GlaL«uValTlirPiieGlaGlyGlaPToGlaArgA»pGluLysIlai.y»GluPso«tf I ^ u 1240 

LauGlyPheHi*ThrAlaSarGlyLysI.y*ValLy»IlaMaty*GluSerL«uA«pLye 1260 
Vail.yaACTl-auP&aAapGlaLysGluGUGlyTlirSarGluIle'nirSerPtieSertti* 1280 

GlnTTpAlaLysTUrCauLyaTyrArgGluAlaCyaLysAspLauGluLeuAlaCyaGlu 1300 
ThrlleGlurieTlixAlaAlaProLyaCyaLyaGluMacGlaAsBSerl^uAjBAaBAai) 1320 
Ly»AaaLeuValSarIleGluTlirValValProProLysl<a'il^a5«£Asp**aL«uCy« 1340 
ArgGlaThrGluAauLeuLy« , nirS«rLy«S«rIl«PaaL«vLLy»ValI.y«valKiaGla 1360 
A*uValGluLy»GluTbrAlaLy»SerProAIaThrCy*TymiE**oClnS€rProTyr 1380 

SarValIleGluA*aSeEAlaL«aWaPheTyTTlvi , S«rCysSec*i9l*y*oriirSarVal 1400 

SarGlnTJirSerLeul^uGluAIaLyaLysTrpLeuAr^GluGlyllePheAspGlyGln 1420 

ProGluArgnaAsaThrAlaAspTyrtfalGlyAsnTyrLauTyrGluAanAaaSeEAja 1440 

StrTlirllaAlaGluAcnAspLyxRjiiHisLeuSerGlaLysGlaAapnirTyrLauSac 1460 
A*aSarSer«acSasJUnS«rTyrS«rTyrRi8S8cAJpGlttValTy*A8oAspSarGly 1480 
TyrUuS«rLysAsoLy*L«uAapS*rGlyUeGluProValLeuI.y»*aa^»151uAsp 1300 
GlaI.y«ArttnirS«rPheS«rLysTalIleS«rA«nVaU,ya**pAlaAanAlaTyTPro 1320 
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Fig.5(c). 

GixiTlirValXaaGluA5 , pIleC> r * v »^^l u ^l u ^ c uV4l‘nirS«rSerSer^roCy , sLys 1540 
JUn^yxA«nMAAlaIleI*ysL«uSerIleSerAfiaS«EAsTiA«nPli«01a7alGly?ro 1560 
^roAlaPheArglleAl^crOlyL/BlleValCycVAlS^rHisGluTlirricLytLys 1500 
ValLyaAspH*Ph«ThrA«pSerPh*S«rty»v , iirieLy»GluA«iiA«aGlttAJnr.y» 1600 

S 4 rLyaIleCy«GlisThrLysXleMfitAlaGlyCy«TyTGluAlaIieuAspA*pS«rtjlu 1620 

AspIleLeuHi^^^LeuA*iJkanXn)GluCy»SerTlirHi*S*rai«I.y«V*lPbe 1640 

AlaAgpllaGXaSarGluGluIleLeuGLnHiaAjnGlnAanileeSerGlytauGluLy* 1660 
V»lS«rI.y»IleSerProCy*A*pV*lSerCeuGluTlirSftfitopIleCy»LysCysS«r 1680 
IleGlyt.yst«viHi8Ly«S«rVUSerSe5AlaA«a'nrrCy«Glyrie?beSeiThi@ 1700 
S*rGlyLycSarValGlflValSerASFAlaSarL«uGlaAaaAlaArgGln7alPh*S«r 1720 
GlalleGluAapSerThrLysGlnValPbeSarLysValLauPhaLysSeEAsnGluHis 1740 
s er a$pGlaL«uTbrArgGluGliiAsnTbrAlaIleArgTtirProGluSliL«(iIleS<r 1760 
GlaLycGG.yPb«S«rTygA*aValVelA*nSarS«eAlaPta4SeeClyPhaS«rTbrAla 17B0 
SerGlyLysGLaValSarlleLauGlaSarSaxl^uaiaLyaValLysGlyValLauGlu 1800 
Glu?h«AspI*uIleArgThrGluHisSa£a^ii*TyrS«rProTbrSarArgGlaAcn 1820 
ValSarLyalleLeaProArgVaLAapLysArgAanProGluHiaCysValAsnSarGlu 1840 
MetGluLy«TbrCy»SerLysGluPbeLy»LeuStEA«nAsnI.«iiAaaValGluGlyGly 1860 

SerSerGluA*EAsaHiaSerIleI.y9ValSerPraTyTL«uSerGlaPtJ«GlaGlnAsp 1880 
Ly*GlaGlaleuValL«uGlyThrLy»valS«rLeuValGluAsaIleHi*ValL«uGly 1900 

LysGluGLnAlaS«tProLytA*nVaU.yaMeCGluIl«GlyLy^^rtl3 nirPh * S * r 1920 

A*pValPToVaH.y»ThEAanIlaGluValCy«SerThrTyrS«rLysAapSerGluAsn 1940 
TyrPh«GluTlirGluAla7alaiuIleAlal.y»AlaPaeMetGlaAspA*pGluL«uTltr 19 60 
AapSarLysl^uSroSertitAlaThrHisSarLeuPhaThrCyaPraGluAsnGbjfilu 1980 
Macyal^auSarXsnSerArglleGlyGyxAxgArgGlyGluProLauIleLejValGly 2000 

GlaPgoS«gll»t-yaAfgAanLaul<uAaaG^^*AcpArgIlcXlgGla*8oO^^Ql u 2020 
LysSarLaui:ymAl*SarLyBS*rTbrProA«pGlyTl»rIlet^«A»pAr9**9 £ <* u?h * 2040 
ValgiaHi«ValSagLauGluProIl«ThrCy8ValPr( fiaArj rhrTbgI.y9Cla*gg 2060 

GloGluIl«GlaAanProAsaPliaTlsrAl*ProGlyGloCluPhat«aSarI.y«S«mi* 2080 

L«uTy*GluJlisI.«iiTlirOeaGluI.ysSarSerSecA*nLauAlaValSacGlyttlaP*o 2100 
PheTyrGl nValS«rGlyAariy«A*nGl y LysHa cargLysLaun atirTUrGlyArg 2120 

ProThrLyaValPhaValProProPbal.yaTlirl.ysSarHiePbaHiaArgValGluGln 214 o 

Cy»VaUugA«aneJlaaLeu01uGlyAaaArgGUiLy«GlnA5aIlaA*pGlyfli8G2.y 2160 
SarAapA«pSerLy*A*riLy*rieA*nA«pA»nGluIlaIU *GlflPbeA*aLjr»A8nA*a 2180 

SasAsaGlnAlaAlaAla'TalTirPha'rtarliyaCyaGluGluGluPcoLaiSapC^'AXla 2200 
Thrfart*u<n«A*aMaArgAapIl4GlaA*paetArgIleLy8£.yaLy*GliiArgGlfl 2220 
ArgValPbaProGlaProGlySarl^uTyrUuAlaiyrrhrSarThrLauProArgtla 2240 
SarLauLyaAlaAlaValGlyGlyGlaValProSexAlaCyaSerHiaLyaGlnieuTyr 2260 
TlirTyrGlyV«lSarlyxfUsCy*IleLysXltAjaSerlysA*cAlaGliiSerPh*Gln 2280 
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Fig. 5(d). 

PbeEi^Thr^u^pTvrrPh^lyt^uSerUuTrpT^y^iyl^l 111 ^ 2300 

Al*A«pGlyClyTrpL«uIleProS* ERsa **P G ly I 'y® A 1 * GlyI ‘ ysCluG l UJIl *^ r 
Ax uCy sAsp ValL ysAl iTtirf t op 
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cacccaggcctgacttccgggtgglgcglgtgccgcglgtcgcgtcacggcgtcacgtggccagcgcgggctt gtggcgcgagcgtctgaaacla 
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Putative BRCA2 promoter region. Potential binding sites for various transcription factors are underlined CpG 
are emboldened. 


The ex- 


Fig. 7 . (1/22) 

cr. ir.tr on structure of the BRCA2 gene. 


the gen cm ic sequence available from: 
ftp: / /sanger .ac . uk/ pub /human /sequences/ 13 q 
and ftp: /genome . wustl . edu/ pub/ gs cl /brca2 
and is present in tne ?acs 214k.2 3 and 92ml8 
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355 


Exon 
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Size 

156 : 

145 

122 

199 
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606 


NB there is 67bp of coding sequence in exon 2 


Exon 1 


aggggggnccccccttcccaaaagnaag 

ggtggccc t tggnaacntcc tnaaaggntcaangcnaantaaagaaagaaacacnaacaa 
ctcccaaatccccgctttaattcggtcaagaatactaacggttgggaatgccttgaacaa 
aggaaatttcctttcgccaacactgagaaaatacccgcaagcgcccnacccnaggcctga 
cttccgggtggtgcgtgtgctgcgtgtcgcgtcacggcgtcacgtggccagcgcgggctt 
GTGGCGCGAGCTTCTGAAACTAGGCGGCAGAGGCGGAGCCGCTGTGGCACTGCTGCGCCT 
CTGCTGCGCCTCGGGTGTCTTTTGCGGCGGTGGGTCGCCGCCGGGAGAAGCGTGAGGGGA 
CAGATTTGTGACCGGCGCGGTTTTTGTCAGCTTACTCCGGCCAAAAAAGAACTGCGCCTC 
TGGAGCGGgttagtggtggtggtagtgggttgggacgagcgcgtcttccgcagtcccagt 
ccagcgtggcgggggagcgcctcacgccccgggtcgc tgccgcggcttcttgcccttttg 
tctctgccaacccccacccatgcctgagagaaaggtccttgcccgaaggcaaattttcgc 
caagcaaattcgagccccgccccttccctgggtctccatttcccgcctccggcccggcct 
ttgggctccgccttcagctcaagacttaacttccctcccagctgtcccagatgacgccat 
ctgaaatttcttggaaacacgatcactttaacggaatattgc tgtt ttggggaagtgt tt 

tacagctgctgggcacgc tg tat ttgcct tact taagcccctggtaat tgctgtattccg 

aagacatgctgatgggaattaccaggcggcgttggtc tctaaactgagccctctgtccca 
actagctacgcgtcactggttagcgtga 


Exon 2 

. gacttaacttccctcccagc tgtcccagatgacgccatctgaaatttcttggaaacacg 
atcac tttaacggaatattgctgt tttggggaagtgt tttacagctgctgggcacgctgt 
atttgccttacttaagcccctggtaattgctgtattccgaagacatgctgatgggaatta 
ccaggcggcgttggtctctaaactgagccctctgtcccaactagctacgcgtcactggtt 










20 


Fig. 7 . (2/22) 



accgtgactgaaactaaatcgtatgaaaatcctct tccccagtcgcactagccacgt tee 
gagcgcccaacgtggctagcggcaccggttcggacagcacagctgtaaaatgttcccatc 
ctcacagraagctgt caccgtcccaggagatgggactgaac tagaattcaaacaaat t tc 
ccagcgctcccgagt t c cacc c cagccacacaataaggaacgcacccctgtgtaagtgca 
1 1 1 tggtct c c cgc C C tgcagACTTAT "TTACC AAGC ATTGGAGGAATATCGTAGGTAAAA 


ATGCCTAT'TGGATCCAAAGAGAGGCCAACATTTTTTGAAATTTTTAAGACACGCTGCAAC 
MPIGSKER PTFFEIFKTRCN 


AAAGCAGgtat tgacaaattctatataactttataaactacaccgagaaagtgttttc ta 
K A D 23 


aaaaatgcttgccaaaaacccagtacgtcacagtgttgcttagaaccataaactgttcct 
tatgtgtgtataaatccagttaacaacataatcatcgtttgcaggttaaccaeatgataa 
atatagaaegtctagtggataaagaggaaactggccccttgactagcagtaggtaaeaat 
tactaacaaatcagaagcattaatgttactttatggcagaagttgtccaactttttggtt 
tcagtactcctcatactcttaaaaatgatctaggacccccggagtgcttttgtttatgta 
gcttaccatattagaaatttaaaactaagaatttaaggctgggcgtggtggctcacgcct 
gtaatcceagcaccttgggaggcccgaggtgggcggatcacttgaggccagaagtttgag 
accagcctggccaacatggtgaaaccc 


Exon 3 

gactacaggcgtgtgccacc 

acgcttggctaattttttgtgtttttagtaaagatggggtttcaacgtgttagcaaggtt 
ggtctcgatetgaectcgtgatctgctcgcctcagcctcccaaagtgttgggattacagg 
cgtgagcccccgcacctggccgaattttatcgtggaatgtattcrtaatgtgaatagttt 
ttgattecgaaccatgaataataagaaaataaataaaatttaaatgaaaataaaagctaa 
tatatacagcttttaataatatagttaaatgccatcttgtaacttttgtgaaetcttgtt 
acacctttctatagattcgcaagagaatggattaatgatcttgtttaattaatatgcctt 
aacaaaagtaatecatagtcaagatcttaagcattt tt ttccttatgatctttaactgtt 
ctgggtcacaaatt tgtctgtcactggttaaaactaaggtgggatctt ctttttaaatag 

ATTTAGGACCAATAAGTCTTAATTGGTTTGAAGAACTTTCTTCAGAAGCTCCACCCTATA 
LGPI SLNWFEELSSEAPPYN 43 

ATTCTGAACCTGCAGAAGAATCTGAACATAAAAACAACAATTACGAACCAAACCTATTTA 
SEPAEESEHKNNNYEPNLFK 63 

AAACTCCACAAAGGAAACCATCTTATAATCAGCTGGCTTCAACTCCAATAATATTCAAAG 
TPQRKPSYNQLASTPIIFKE 83 

AGCAAGGGCTGACTCTGCCGCTGTACCAATCTCCTGTAAAAGAATTAGATAAATTCAAAT 
QGLTLPLYQSPVKELDKFKL 103 

TAGACTTAGgtaagtaatgcaatatggtagactggggagaactacaaactaggaatttag 

D L G 106 

gcaaacetgtgtcaaaatct tage teat teat taattgtg teat gctgggcaaatcagtc 
tctctggcctctttttcctcactcgaaaaatggagacgatgaaaataatgtctcataggt 
ttggat taaa t taaataatgtaggtac t tagtaaatgt tctctttcatccctcctttgat 
aaatttgccaac tgaga tttgc tgaat taegtet t tet ta tgccaaaaaaacctaggact 
tgt tttgatgt taattaaac taaaetatat t tccgcaagctatcacagaggacagagat t 
at tttaccgata tact a taagtatcatgat ttggaaggagt ttccc tggcgtaggtgccg 


Fig. 7 . (3/22) 



ca t gt t tc c aagc aa t ta t g taa t aaga t ta ta ta t tc ag t ca t t caaa t aa t t a t t ac c 
tact tgacataagtaatgaactttccctt 


Exon 4 

tcccttttagggggtaatcagcaaactgaaaaacctcttcttaca 

actccctatacat tctcat tcccagtatagaggagacttt t tgtttttaaacac t tccaa 
agaatgcaaatttataatccagagtatatacattctcactgaattattgtactgtttcag 

GAAGGAATGTTCCCAATAGTAGACATAAAAGTCTTCGCACAGTGAAAACTAAAATGGATC 

RNVPNSRHK SLRTVKTKMDQ 12 6 


AAGCAGATGATGTTTCCTGTCCACTTCTAAATTCTTGTCTTAGTGAAAGgtatgatgaag 

ADDVSCPLLNSCLSES 142 

ctattatattaaaatatttaaatgaaacattttcctacatatatttgttctataaagatg 
aatctgatttctatgctaatattttggctaagagcctggtagaagatcttacatttttaa 
ataatcttttaggttgagtcctttaatagaatagtttttacattagaaacatgtaagttg 
ttgttcttgtgatgttgaattggctggttttctgtatattctgtgattttttaagtaaca 
aaaataacagtggtgaaaagcagtaagtcagtccttgaattatcaatttaaaataaattg 
tgtacttttcatctttggagagaatatgatttactttacaaattttttttttgttttttt 
tttttttgagatggagtctctgtcacccaggctgtagtgcagtggtgcgatctcagctca 
ctgcaagctccgcctcccgggttcacgccattctcctgcctcagcctcccaagtagctgg 
gactacagg 


Exon 5 


tgcgatctcagctcactgca 

agctccgcctcccgggttcacgccattctcctgcctcagcctcccaagtagctgggacta 

caggcgcccgccaccatgcccggctaattttttgtatttttagtagagacggggtttcac 

tgtgttagctaggatggtctcgatttcctgacctcgtgatccgcccgcctcagcctccca 

gactgctgggattacaggcgtgaaccactgtgcccggcctactttacaaaatttttgagt 

ttaaaatacacggtttccagcagctgaaatttgtgagtacatatgtgttggcattttaaa 

catcacttgatgattatttaatgcttcatgagagatttactttttaaaatgtaatataaa 

atatctaaaagtagtattccaacaatttatatgaatgagaatcttcttttaaaaataaga 

taaactagtttttgccagttttttaaaataacctaagggatttgctttgttttattttag 


TCC TGTTGTTCTAC AATGT ACAC ATGTAAC ACC AC AAAGAGATAAGTCAGg tatgattaa 
PVVLQCTHVTPQRDKSV 159 


aaacaatgctttttattcttagaatactagaaatgttaataaaaataaaacttaacaatt 
ttcccctttttttacccccagtggtatgtgggagtttgtttcatacaccaaagtttgtga 
aggtaaatactctacctggtttatttttatgacttagtaattgagaatttgacaatagcg 
ttatacctttgccctgagatttacaaatctgtacctagcattctgcctcatacaggcaat 
tcagtaaacgttaagtgaaataaagagtgaatgaaaaaataatatccttaatgatcaggg 
catttctataaaaaataaactattttctttcctcccagggtcgtcagacaccaaaacata 
tttctgaaagtctaggagctgaggtggatcctgatatgtcttggtcaagttctttagcta 
caccacccacccttagttctactgtgctcataggtaataatagcaaatgtgtat ttacaa 
gaaagagcag 


Exon 6 


gtgttagctaggatggtctc 


Fig. 7. (4/22) a/s2 


gatttcctgacctcgtgatccgcccgcctcagcctcccagactgctgggattacaggcgt 
gaaccactgtgcccggcctact ttacaaaatt tttgagtttaaaatacacggtt tccagc 
agctgaaatttctgagtacatatgtgttggcattttaaacatcacttgatgattatttaa 

tgcttcatgagagatttact tt ttaaaatgtaatataaaatatc -aaaag .agta^cca 
a^aa- ~ ^a^a^craatgagaatcttcttttaaaaataagataaactagtttttgccagttt 
tttaaaataacctaagggatt tgctttgttttattttagtcctgttgttctacaatgtac 

acatgtaacaccacaaagagataagtcaggtatgattaaaaacaatgctttttattctta 

gaatactagaaatgttaataaaaataaaacttaacaattttcccctttttttacccccag 

^GTA T GTGGGAGTTTGTTTCA7ACACCAAAGTTTGTGAAGgtaaatattc tacctggtt 

‘VCGSLFHTPKFVK 

tatttttatgacttagtaattgagaatttgacaatagcgttatacctttgccctgagatt 
tacaaatctgtacctagcattctgcctcatacaggcaattcagtaaacgttaagtgaaat 
aaagagtgaatgaaaaaataatatccttaatgatcagggcatttctataaaaaataaact 
at t ttctt tcctcccagggtcgtcagacaccaaaacatat t tctgaaagtc taggagctg 
aggtggatcctgatatgtcttggtcaagttctttagctacaccacccacccttagttcta 
ctgtgctcataggtaataatagcaaatgtgtatttacaagaaagagcagatgaggttgat 
aattgtcatctctaatacttctgttaaaaggaaatatgaaaagaaaatattagataatgt 

ct t tgataagtgtgttagtaactgacaataat tttattctat taagtgtagat tggaata 


Exon 7 

ccaacaatttatatgaatga 

gaatcttcttttaaaaataagataaactagtttttgccagttttttaaaataacctaagg 

gatttgctttgttttattttagtcctgttgttctacaatgtacacatgtaacaccacaaa 

gagataagtcaggtatgattaaaaacaatgctttttattcttagaatactagaaatgtta 

ataaaaataaaacttaacaattttcccctttttttacccccagtggtatgtgggagtttg 

tttcatacaccaaagt ttgtgaaggtaaatat tctacctggtttat ttttatgact tagt 
aattgagaatt tgacaatagcgttatacctttgccctgagatt tacaaatctgtacctag 

cattctgcctcatacaggcaat tcagtaaacgttaagtgaaataaagagtgaatgaaaaa 
ataatatccttaatgatcagggcatttctataaaaaataaactattttctttcctcccag 

GGTCGTCAGACACCAAAACATATTTCTGAAAGTCTAGGAGCTGAGGTGGATCCTGATATG 

grqtpkhiseslgaevdpdm 


TCTTGGTCAAGTTCTTTAGCTACACCACCCACCCTTAGTTCTACTGTGCTCATAGgtaat 
SWSSSLATPPTLSSTVLIV 211 

aatagcaaatgtgtat ttacaagaaagagcagatgaggttgataattgtcatc tctaata 

cttc tgt taaaaggaaatatgaaaagaaaatattagataatgtc tttgataagtgtgt ta 
gtaactgacaataatcttattctattaagtgtagattggaataaatacaaatacatttag 

tgg tagtccagtggtgtcaagcat tatgtt t tagtacgatgtgattaacgtagaatagc t 

tacaaatattcctttactggcctatataagcgtttaagaggcagtatttggtgtgactga 
attctttttacaaatgattgtggtaattggggcattaaagcagc 


Exon 8 

accagtattacattttgttt 

attctagcaaaatagcattctgttttgattcctctttagctgggagtaagttaaccctat 
tctgttgcttagatgaaataatatggataaaatcattttgaaaatatgtatttaatatat 
agtatgcctttaggctgtagtgttgtctaaatgaatgctaaagtctccaagctt tagctt 


Fig. 7. (5/22) ^ 52 


►-aaa-ataa^ctcacaacatcatctgactttccaactcattgtggacagtat.acca 

^t-at^g?g^gat.gacctttctaatcaccatacttaagtacttgaatcaat 

tcattttgt- tcaaatgtgtcatgtaatcaaatagtagatgtgctttttgatgtctgaca 
aaaaataagt-tttgcactcragtgataatatacaatacacataaa.^-ta^t.acag 

TCAGAAATGAAGAAGCATCTGAAACTGTATTTCCTCATGATACTACTGCTgtaagtaaat 

RNEEASETVFPHDTiA 

-aa*-- acac -at tgaaattgc taacaattttggaat gcct. tgttaaat tat. tt 

atc--acl^----aatttcctaatctgtaatttatctaagcctttgagaaagtctctaaa 

cc-aa?cc-^’arg?gattttaacttcctgtgaaactctgctgtctctctgttaaagttg 

catatatacaatatataccgtagtcccc-attcatggggtatacattccaatatccccca 

gtgaatgcttgaaaccttagatagtaccgaaccctatatatatatattaaaaatgtgtag 

?a-t-a?ata?atatatacctataatctttttttctataagcacataccctgtgataaag 

tttaattcacaaattaggcacagtaagagattaacaagaactaataataaaataggacaa 

ttataacaaaataccgtaataaaagttatgtgaatgttgtctctctgtctcaaaatatct 

tattgttctg 


Exon ^ gcactttatggcttcttttt 

aacatatttgaattgccagcatcattatacttgtgctttggggccattgttaagtaaaat 

aagggtgacttgaacacaagcactgtggtaccacaatagccgatctgataaccaagacaa 

ctactaagtgactaataggtgggtaccatatacagcctggatacgctggacaaagggatg 

attcatgtcccaagtgggatggagcaagatggtgcaagtttttttttctccatttccatt 

ttcctttcctaagatttccacatcctagtggtgcaagatttcatcacactactcaggatg 

acacacaactcaaaacttaccaatcgcttacctctggaatcctccatcaaaaat tcttg g 

acccaggttgattgcagataactgaaatcaccaaaagtgaaaccatggataaggggggac 

cactactatatgcgcactgagagcttctatactagtgattttaaaccacaatcttcgcag 

AATGTGAAAAGCTATTTTTCCAATCATGATGAAAGTCTGAAGAAAAATGATAGATTTATC 

nvksyfsnkdeslkkndrfi 


GCTTCTGTGACAGACAGTGAAAACACAAATCAAAGAGAAGCTGCAAGTCATGgtaagtc 


asvtdsen 


nqreaashg 


tctgtttagttgaactacaggtttttttgttgttgttgttttgattttttttttttgagg 

tggagtcttgctctgtcacccgtgatctcagtttaccgcaacctctgcctcccgtgctca 

agcgatcctgcctcagcttgccaagtagctgagattacaagcatgcaccaccatgccc 

ctattgtattttcagtagagatggcatttcaccatgttggccaggctggtctcaaatggt 
cgtgagccaccatgcccagcctgaactactctttttaattggcaccattgaaggattgct 
cctcttttcttaaagagaaaatatattacctttcctctcttgactactgaag.agv.a.^ 
tatctcaaagtattgagagtagaaactaacttggtgtgcctgtgatcccagctactcagg 
aggctgaggtgggaggatcgcttaagcccaggcggtcaaggttgcagtgagctgtg g g 



Exon 10 


. . tttttgtctg 


tgtggtatcatgtacgtatgtatatgcatatgtaaaatcagatttacccttgttataggg 

ccacagaattgatttggaacatctgttttgataggtcttagaatatttaattgtatata 

agtaagattaggtgagttttaattgtgtagaactgctaaagaaaggtttttagggattg 


Fig. 7. (6/22) 




tgtacgaataaaaggctttagg" tear gggaatcaggggaa gcaggctt tact, agaagaa 

caggagaaggggtgactgaccgaaaaacaaaatgccaagtacrcagaataaccctttaaa 

-ac-gataggtaagat z tagcaca _ tic taca z aaac " gc z cc" aegagaaagge _g >. gag 

aataatataaattatatggcttacaaaa'atcaatgcgct.tct.gtttca'actgtaacag 

GATTTGGAAAAACATCAGGGAAT'TCATTTAAAGTAAATAGCTGCAAAGACCACATTGGAA 

fgktsgnsfkvnsckdhigk 

AGTCAATGCCAAATGTCC'TAGAAGATGAAGTATATGAAACAGTTGTAGATACCTCTGAAG 
' s'mP NVLEDEVYETVVDTSEE 

AAGATAGTTTTTCATTATGTTTTTCTAAATGTAGAACAAAAAATCTACAAAAAGTAAGAA 

DSFSLCFSKCRTKNLQKVRT 

CTAGCAAGACTAGGAAAAAAATTTTCCATGAAGCAAACGCTGATGAATGTGAAAAATCTA 

*SKTRKK I FHEANADECEKSK 

AAAACCAAGTGAAAGAAAAATACTCATTTGTATCTGAAGTGGAACCAAATGATACTGATC 

NQVKEKYSFVSEVEPNDTDP 

CATTAGATTCAAATGTAGCACATCAGAAGCCCTTTGAGAGTGGAAGTGACAAAATCTCCA 

ldsnvahqkpfesgsdkisk 

AGGAAGTTGTACCGTCTTTGGCCTGTGAATGGTCTCAACTAACCCTTTCAGGTCTAAATG 

EVVPSLACEWSQLTLSGLNG 

GAGCCCAGATGGAGAAAATACCCCTATTGCATATTTCTTCATGTGACCAAAATATTTCAG 

aqmekipllhisscdqnise 

AAAAAGACCTATTAGACACAGAGAACAAAAGAAAGAAAGATTTTCTTACTTCAGAGAATT 

KDLLDTENKRKKDFLTSENS 

CTTTGCCACGTATTTCTAGCCTACCAAAATCAGAGAAGCCATTAAATGAGGAAACAGTGG 

LPRISSLPKSEKPLNEETVV 

TAAATAAGAGAGATGAAGAGCAGCATCTTGAATCTCATACAGACTGCATTCTTGCAGTAA 

nkrdeeqhleshtdcilavk 

AGCAGGCAATATCTGGAACTTCTCCAGTGGCTTCTTCATTTCAGGGTATCAAAAAGTCTA 
QAI SGTSPVASSFQGIKKS I 

TATTCAGAATAAGAGAATCACCTAAAGAGACTTTCAATGCAAGTTTTTCAGGTCATATGA 
FRI RESPKETFNASFSGHMT 

CTGATCCAAACTTTAAAAAAGAAACTGAAGCCTCTGAAAGTGGACTGGAAATACATACTG 

DPNFKKETEASESGLEIHTV 

TTTGCTCACAGAAGGAGGACTCCTTATGTCCAAATTTAATTGATAATGGAAGCTGGCCAG 


C S Q K E D S 


CPNLIDNGSWPA 


CCACCACCACACAGAATTCTGTAGCTTTGAAGAATGCAGGTTTAATATCCACTTTGAAAA 

TTTQNSVALKNAGLISTLKK 

AGAAAACAAATAAGTTTATTTATGCTATACATGATGAAACATCTTATAAAGGAAAAAAAA 


Fig. 7 . (7/22) 


2 u / 5 ? 


N K ? 


F Y K 


"A--GAAAGACCAAAAATCAGAAC?AA?CAACTGTTCAGCCCAGTTTGAAGCAAATGCTT 

r KDQKSEGlNCSAQFEANAr 
TTGAAGCACCACTTACATTTGCAAATGCTGATTCAGgtacctCtgCC ZZZZZZZZZZZqt 

E J\ P L T F ANAD-^G 

aaatagtacatatagccttatagatgacgattccttctgtgttztttttctgctttttaaa 

atcttcataccccacatctaaccctaggcatcatctgtatacatgattgtttaggt-^ 

aatcaccagtgtttagaaccaggccactcaaacatggtagataagtttgcatagtttgtg 

tatatccaccactcttgagacagctttattttaagccccggggtacatgtgcaggatgtg 

caggtctgtcacacaagtaaacgtatgccatgttggtttgctgcacctgtcaacccttca 

cc?gagtac=aagcccagcatgcattagctattcttcccggtgctctccttccccccaca 

cacccccacctcctgacagaccctagtgtgtgttgtccccctccctgtgtccgtgtgttc 

tcattgt tcagctcccac ttatgagtgagaacatgt 


Exon 11 

ctgaaaaacagagcatatttaggattcctcctgctttaaatttgacattcagttattttc 

atgtaatttgtgttttgagcactaccttttaattaatttatttatttttatttcttagag 

accgtctcattccgttacccagtctggagtgcactagtgtgatctcagctcaccgtagcc 

tcaccctcctgggctcaagcagtccttgcacctcaccctcctgagtaactggcaccacag 

gcatacaccaccacacccagctaatttttatttttcatagagtcatggtctcactatgtt 

gcccaggctagtctcgaactcctgggctcaagcagtcttcctgcctcagcctcccaaaag 

tgctgagattacaggcatgagccactgtgcccaaacactacctttttaacttagtgaaaa 

atatttagtgaatgtgattgacggtactttaattttgtcactttgtgtttttatgtttag 
GTTTATTGCATTCTTCTGTGAAAAGAAGCTGTTCACAGAATGATTCTGAAGAACCAACT ^ 

LLHSSVKRSC SQNDSEEPTL 657 

TGTCCTTAACTAGCTCTTTTGGGACAATTCTGAGGAAATGTTCTAGAAATGAAACATGTT 

SLTSSFGTILRKCSRNETCS 677 

CTAATAATACAGTAATCTCTCAGGATCTTGATTATAAAGAAGCAAAATGTAATAAGGAAA 

NNTVISQDLDYKEAKCNKEK 69/ 

AACTACAGTTATTTATTACCCCAGAAGCTGATTCTCTGTCATGCCTGCAGGAAGGACAGT 

LQL ‘fITPEADSLSCLQEGQC717 

GTGRAAATGATCCAAAAAGCAAAAAAGTTTCAGATATAAAAGAAGAGGTCTTGGCTGCAG 

ENDPKSKKVSDIKEEVLAAA73 

CATGTCACCCAGTACAACATTCAAAAGTGGAATACAGTGATACTGACTTTCAATCCCAGA 

CHPVQHSKVEYSDTDFQSQK757 

aaaatcttttatatgatcatgaaaatgccagcactcttattttaactcctacttccaagg 

SLLYDHENASTLILTPTSKD77, 

atgttctgtcaaacctagtcatgatttctagaggcaaagaatcatacaaaatgtcagaca 

VLSNLVKISRGKESYKMSDK797 

agctcaaaggtaacaattatgaatctgatgttgaattaaccaaaaatattcccatggaaa 


2%k 7 

Fig. 7 . (s/22) 


p M E K 


^TGCTTTAAATGAAAATTATAAAAACGTTGAGCTGTTGCCACCTG 

C A L M E N YKNVE-LPPE 


AAAAATACATGAGAG - 

K Y M ?• 7 A 


A^C "'""C AAGAAAGGT ACAATTCAAC C AAAAC AC AAAT( 
s“ ; *s rkvqfnqntn: 


zxr^TCAATTTCAAAAATAACTGTCAATC 

XAAGAGTAATCC^AAAAAA.C^GA^G^AC.AC-TC jj p 8 

RVIQKNQE^TTS.b^i 

CAGACTCTGAAGAACTTGTCTCAGAC^TGAG^TMTTTTGTC^CCAAGTAGCT^TG ? 

RNNLALGNTKb 

TA«CGAACCCAT™«c™ , 

aagcaacccaagtgtcaatt^^ , 

atagtcta«gcagcata^ 

tgaatatagataaaataccagaa^t^ 

taggtccaatttcaaatcacagttttggaggtagcttcagaacagcttcaaataaggaaa t 

tcaagctctctgaacataacattaagaagagc^tg^cto^gatattgaagaac 1 

KLSEHNlKKSKMf * 

^Y^TpCT^-CTg^'^'^^CT^T^^^^TTGTAAATACCTTGGCATTAGATAATCAAA ; 

ag^cggagc^ggctcagtcaat^ 

ttctttctgattgtaaaaatagtcatataacccctcagatgtta^ccmgcaggatt 

^TrT f TDnML i ro 
VSDCKN^n-L * - ~ * 1 

TTAATTCAAACCATAATTTAACACCTAGCCAAAAGGCAGAAATTACAGAACTTTCTACTA 

NSNHNLTPSQKAEITEUiGi 

TATTAGAAGAATCAGGAAGTCAGTTTGAATTTACTCAGTTTAGAAAACCAAGCTACATAT 

leesgsqfeftqfrkpei 

TGCAGAAGAGTACATTTGAAGTGCCTGAAAACCAGATGACTATCTTAAAGACCACTTCTG 
QKSTFEVPEKQMTxLKI 1 

AGGAATGCAGAGATGCTGATCTTCATGTCATAATGAATGCCCCATCGATTGGTCAGGTAG 


Fig. 7. (9/22) 


^%2 


V N A 


^aagg-acagttgaaattaaa^u^otttgctggcctgttga 

ACAGCAG.— • , - krK FAGLLK 

s 3 K * F - J 1 ' 

, r..* . ..—pp-tctgG-TATTTAACAGATGAAAATGAAGTGGGGTTTA 

L T D E N E V 0 F R 

GGGGCTTTTATTCTGCTCAGGGCACAAAACTG^TGTTTCTACTGAAGC'TCTGCAAAAAG 


Y 3 A H G 


K L N 


Q K A 


CTGTGAAACTGTTTAGTGATATTGAGAATATTAGTGAGGAAACTTCTGCAGAGGTACATC 

vklfsdieniseetsa-vh 
c^t^^^^^t^caagtaaatgtcatgattctgtcg'tttcaatgtttaagatagaaa 1 

atcataatgataaaactgtaagtcaaaaaaatmt^tgccaaotata™caaaata 

HNDKTVSEKNNKCQLILyww 

atattgaaatgactactggcacttttgttgaagaaattactgaaaattacaagagaaata ^ 

ctgaaaatcaagataacaaatatactgctgccagtagaaattctcataacttagaatttg 

enednkytaasrnshnlefdi 

aixggcagtgattcaagtaaaaatgatactgtttgtattcataaagatgaaacggacttgc 

gsdsskndtvcihkdetdlli 

tatttactgatcagcacaacatatgtcttaaattatctggccagtttatgaaggagggaa 

ftdqhniclklsgqfmkegn] 

ACACTCAGATTAAAGAAGATTTGTCAGATTTAACrTTTTTGGAAGTTGCGAAAGCTCAAG 

TQIKEDLSDLTFLEVAKAQb. 

aagcatgtcatggtaatacttcaaataaagaacagttaactgctactaaaacggagcaaa 

achgntsnkeqltatkteqn 

atataaaagattttgagacttctgatacattttttcagactgcaagtgggaaaaatatta 
IKDFETSDTFFQTASGKNI b 

gtgtcgccaaagagtcatttaataaaattgtaaatttctttgatcagaaaccagaagaat 

VAKELFNKIVNFFDQKPEEL 

TGCATAACT-T-CCTTAAATTCTGAATTACATTCTGACATAAGAAAGAACAAAATGGACA 

hnfslnselhsdirknkmdi 

ttctaagttatgaggaaacagacatagttaaacacaaaatactgaaagaaagtgtcccag 

lsyeetdivkhkilkesvpv 

ttggtactggaaatcaactagtgaccttccagggacaacccgaacgtgatgaaaagatca 

gtgnqlvtfqgqperdekik 


aagaacctactctgtggggttttcatacagctagcgggaaaaaagttaaaattgcaaagg 


. —j ^^>2 

Fig. 7 . (10/22) 


- r v * 7 K I A K E 1 : 

r\ ^ 

n OA' T 'GAAAAAGAGCAAGGTACTAG iGAAA »CA 
Ve K E Q G T S E I T 1! 


AATCTT'TGGACAAAGTGAAAAACC - - - - T s E I T 155” 7 

SLDKVKNLr^-K-w^i 

'^AAJAGACCCTAAAGTACAGAGAGGCC?GTAAAGACCTTG 
CCAGTT-A G C^-^ w ^--- l k V r E A C K D L E .0 -7 

aa'itagcatgtgagaccattgagatcacagctgccccaaagtgtaaagaaatgcagaatt ^ 

LACETlElTAAf 

. „ . . , pp'tvt.pt'T' t 'C t ATTGAGACTGTGGTGCCACCTAAGCTC . iAA 

CTCTCAATAATGATAAAAACC . j.GiT*C*Ai ibAo ppKLLS 1617 

lnndknlvsieiv 

GTGATAATTTATGTAGACAAACTGAAAATCTCAAAACATCAAAAAGTATCTTTTTGAAAG 

DNLCRQTENLKTSKb.f 

TTAAAGTACATGAAAATGTAGAAAAAGAAACAGCAAAAAGTCCTGCAACTTGTTACACAA 

kvhenveketakspatg 

atcagtccccttattcagtcattgaaaattcagccttagc™acacaag™tagta 

QSPYSVlENSALAFYTEUi 
gaaaaacttctgtgagtcagacttcattacttoaagcaaaawtcgcttagagaaggaa ^ 

ktsvsqtslleakkwlk 

tattggatggtcaaccagaaagaata^tactgcagattatgtaggaaattattigt g 

AAAATAATTCAAACAGTACTATAGCTGAAAATGA^^ 

nnskstiaendknkleeav 

atacttatttaagtaacagtagcatgtctaacagctattcctaccattctgatgaggtat 1151 

ataatgattccaggatactctca^ 

sdsrieskkkedsgiepv 

agaatgttgaagatcaaaaaaacactagtttttcc^gtaatatccmtgta^gatg 

NVEDQKNTSFSKVXbw 

caaatgcatacccacaaactgtaaatgaagatatttccgttgaggaacttgtgactagct 

NAYPQTVNEDICVEELV 
cttcaccctgcaaaaataaaaatgcagccaitaaatotccata^mtagtmtaatt 1837 

SPCKNKNAAlKLbi 

ttgaggtagggccacctgcatttaggatagccagtggtaaaatcgtttctgtttcacatg ^ 5 7 

evgppafriasgkj- 

aaacaattaaaaaagegaaagacatatttacagacagtttcagtaaagtaattaaggaaa ^ a 7 7 
acaacgagaataaatcaaaaatttgccaaacgaaaattatggcaggttgttacgaggcat 


Fig. 7 . (ii/22) 


MAG 


YEA 


tggatgattcagaggatattcttcataactctctagataatgatgaatgtagcacgcatt ^ 
DGSEGILHNS-GNU- 
r'TATAAGCT— GCTGACATTCAGAGTGAAGAAATTTTACAACATAACCAAAATATG? 

K TT d I Q 3 E E I L Q H N Q N M S ,93/ 

CTGGATTGGAGAAAGTTTCTAAAATATCACCTTGTGATGGTAGTTGGGAAACTGCAGATA 

GLEKVSK,SPi-U^^“- 

tatgt^tgtagtata^gmgc^^^ 1977 

TTm'AGCACAGCAAGTGGAAAATCTGTCCAGGTATCAGATGCTTCATTACAAAACGCAA ^ 

gacaagtgtttggtgaaa^^ 

qvfseiedstkqvfskvlfk 

aaagtaacgaacattcagaccagctcacaagagaagaaaatactgctatacgtactccag 

snehsdqetreenta,r,pe ,uj. 

=057 

gatttagtacagcaagtggaaagcaagtttccattttagaaagttccttacacaaagtta 

fstasgkqvsilesslhkvk .0// 

agggagtgttagaggaatttgatttaatcagaactgagcatagtcttcactattcaccta 

gvleefdlirtehslhysp i 

cgtctagacaaaatgtatcaaaaatacttcctcgtgttgataagagaaacccagagcact 

srqnvskilprvdkrnpehc 4 L+I 

gtgtaaactcagaaatggaaaaaacctgcagtaaagaattt^ttatcaaataacttaa 

VNSEMEKTCSKEFKLSNNLN 

atgttgaaggtggttcttcagaaaataatcactctattaaagtttctccatatctctctc 

veggssennhsikvspylsqaid 

aatttcaacaagacaaacaacagttggtattaggaaccaaagtctcacttgttgagaaca 
FQQDKQQLVLGTKV- - * ^ 

ttcatgttt'tgggaaaagaacaggcttcacctaaaaacgtaaaaatggaaattggtaaaa 

hvlgkeqaspknvkmeigkt 

ctgaaactttttctgatgttcctgtgaaaacaaatatagaagtttgttctacttactcca 

E T F 3 D V P v K T N I E V C S T Y S K 2217 
aagattcagaaaactactttgaaacagaagcagtagaaattgctaaagcttttatggaag 

DSENYFETEAVE IAKAFMED 22J ' 

atgatgaactgacagattctaaactgccaagtcatgccacacattctctttttacatgtc 


Fig. 7 . (12/22) 


J9 42 


s u r 


G AAAA TG A GG N AA TG^ 


GT'^AAA^TCAAGAATTGGAAAAAGAAGAGGAGAGCCC 

S W N 3 R I G K R R G E P 


rtgttgccaatcacta: 


tgcttattcagtagac=tggca t gccaacaa«aagagtgtrataaac=atgtcttttca 

gccattcttgtgtagtcagtttgggggagtatggtttgatatacagatacacagattcag 

Sttcgtatacagatrtgatatcttggtatacagattcgatatctctgaacctgtatacc 

aagaaatcacgttttaagggtctcaacatattctcaaaaagattattagcataauaactg 

aglaattactgccaaaaagttttgagtttctctagaaaatttgaaacccttaacaaaacc 

tgcataatactaacctaactgctctcatatacatagcaagttcagactccgactta.atg 

aactttaaaagttggtctccgggaggccgaggcgggcggatcacgaggtcaggagatcga 

gaccatcccggc 


gcaattcgataatcgtaaaaagcctcttaactctaattcaaggacctacataataaatta 

ctccttcagttaatggccgcccccgtgctgaaaaaaaaaaaaaaaagagagaaaaagttt 

atttgaagaaattttgttaggccttattgccagtaaacctagagttatatttagtgtcag 

ctcttcaaaaagtagcctatctgtggtatctggtagcacctgtttatcctatttagga ^ 

tatcctgtttagaccctgttaaatagtggtgttttaaagtggtcaaaacagaacaaaaat 
gtaactgacattgaagactgactttactcttccaaacatcaggtcactactcgttgtaag 
tatttttgtttaacatttaaagagtcaatactttagctttaaaaaaatggtctatagact 
tttgagaaacaaaactgacattat tcgcctcaaaaacatatatgaaatatttctttttag 

GAGAACCCTCAATCAAAAGAAACTTATTAAATGAATTTGACAGGATAATAGAAAATCAAG 

EPSIKRNLLNEFDRIIENQE 2301 

AAAAATCCTTAAAGGCTTCAAAAAGCACTCCAGATGgttaaaattagctttntatttnta 

kslkaskstpdg 

tctgttctcccrctataggtnatgggtatataacattctgacctcaggtggatccacctg 

cctctccaaagtgctgggnattacagacatgagccactgtgcctaatcaaggacctcttt 

atactcctaaaaattactgaggacctaaagnggcatttgtttatgtgggantatatctat 

tgatacttaccatattnganatgtaaatcgaccaacggttaaanctagtaantatcatgc 

gttggtcattgggaggacatgagttcactgagctatgcggatcttccgaaagttgaacag 

tctccattatgccagtaactaaaacaatccacctctccattggatgcccattacccgatc 

cagaaaagnttaaagtagcagaaagctgccaagcttacagagcccagacacaagcttccc 

caaaaat cc tgat ttitcatc taaaagc t tgaa t tt 


Exon 13 

gagatcgtcctcattcttttttgtggttacatagtagttgatcatctggctgtgtcagtg 

tttcccagtttatttaaccaatttccaactagtggacttattgaagatttaattaggttc 

cagttacatactgaaaacgaacaatatctaaagcttagcttttaaaccttcataagacta 

aactttaaacttggcatttgcatcagaaactagctaacacctttgagttatgatggtcaa 

catcaactgactaaattcatgctgatttctgttgtatgcttgtactgtgagttatttggt 

gcatagtcattatcaacttgtgaatcaattca: t" ccacagtcaacatttactgagcatc 

cgttacattcactgaaaactgtaaagccrataa’itgtctcaaatttcttgtgtatttaca 

gtaacatggataccctctcagattttaactaaiat.gcaatataaaataattgtttcctag 
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4D 4s 


G C AC AAT AAr-n. - 


rCGAAGA 


- O .O 

: V 2333 


TACCCTTTCGg'aagaca-gt.traaatttttcraaattctaatacagcatgagaaaagt.c 

P F R 

-ccct'-acaaataaaca'.ttccaaaaataatgacactaacgtcaagaagttaacactt 

eccgttttataaaacttataaaatactttggcagtattttatagtigctgttcatatca.t 

ap-ttat"' _ "taacttcatgacagccttgtaaagtagacagactttattctaatt-v.at 

ggatgaagtactaaggttgagaggaactaaggaaattgctccgaatcagttaacaaaaag 

actqcagacattaaaaacaccctcttatctcccctctctaaacctttaaaaaagtactaa 

qatagtcttcctaatgtataactcccaaggacaacgatgagaagaaacaacaaaagc.tg 

gaagccaaaaacacaaaggatttagtaagcacgagaaagctaaaacctgacactagagca 

aacagagatg 


3 3 3 6 



Exon X 4 

ttcaaaggtaggcaagatctttgggctaaataaaaagggcactttaaaaaaggtataaat 
aggtagaagagagaaaagggagcgaggtgggataattgaaagaggggatctc. g gg g 
actgaggtattaggcggagtagagagttcaggcgaagatgtgaaggtgagagaagagg 

gggtagacatttccctggtgaaggaggtaaggagcactatgatggaattagaggggacac 

actgagagggtccacacttgacagactctcttctattatgtgttatgtgaggtagattgt 

aaagtcaaaggctagccttgaaaaatgtgatattgttttggaatggcaaccatggtgaat 

acaaaacagttaccagaatagtatcaccatgtagcaaatgagggtctgcaacaaaggcat 

attcctaaatatttatatgtgtactagtcaataaacttatatattttctccccattgcag 


C ACAACTAAGGAACGTCAAGAGATACAGAATCCAAATTTTACCGCACCTGGTCAAGAATT 

TTKERQEIQNPNFTAPGQEF 2366 


-CTGTCTAAATCTCATTTGTATGAACATCTGACTTTGGAAAAATCTTCAAGCAATTTAGC 

‘lSKSHLYEHLTLEKSSSNLA .376 


AGTTTCAGGACATCCATTTTATCAAGTTTCTGCTACAAGAAATGAAAAAATGAGACACTT 

VSG hpfyqvsatrnekmrhl .3yb 

gattactacaggcagaccaaccaaagtctttgttccaccttttaaaactaaatcacattt 

ittgrptkvfvppfktkshf .416 


tcacagagttgaacagtgtgttaggaatattaacttggaggaaaacagacaaaagcaaaa 

hrveqcvrninleenrqkqn 24J6 

cat^gatggacatggctctgatgatagtaaaaataagattaatgacaatgagattcatca 

iGghgsddsknkindneihv — 


gtttaacaaaaacaactccaatcaagcagcagctgtaactttcacaaagtgtgaagaaga 

FNKNNSNQAAAVTFTKCEEE 2476 


ACCTTTAGgcattgtatgacaatt. tgtgtgatgaatttt tgcc ttccagttagatat t tc 

P L D 


cgtcgttaaataacgccctgatggctttcccccctqggtggcggtaacttcaaagccctt 

tttaatgttttagactttctaaacccaaagattaggtttaaactattctaacgtttcttt 

caaagataacttcctgtggacttgttaaaaaaaactagacacacaatct 




2479 
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Exor.15 


c caggg gt t 5 t gc t t t ; t aaa c t t caa t t - t a 


aacccactatccctjg 

tgctaagtatigtantccttgacag 



'CTTCA3AATGCCAGAGATATACAGGATATGCGAATTAAGAAGAAAC 

L Q N A R D I Q D M R I K K K Q 


AAAGGCAACGCGTCTTTCCACAGCCAGGCAGTCTGTATCTTGCAAAAACATCCACTC'TGC 

rqrvfpqpgslylaktstlp 

CTCGAATCTCTCTGAAAGCAGCAGTAGGAGGCCAAGTTCCCTCTGCgtgtccccataaac 

RI SLKAAVGGQVPSA 


aggtacgtgtttgnctacaatactgatggccctcatgacagagtgcaattttatttcact 
aactaatatcct acaaatgqc c C tgt t taaagaatgaacacac tagtgcaggaatggatg 
aatgaaatcatccatactctcccaattaagccctgcagtggcagcctctggccccctgct 

aggcctgcccccacccctactaaagtgacccgtgcct tcccaaat tact act ccttttcc 
cccctccaaatctttctgarcttgtcattgtaaatgctctcagctaggtgttaaagtagt 
cttactgatactcaaatgtgaataactgatagccctgaaccttctatgagctatttatac 
tttccaaagaggatccccct taagccaatattatctaggtagaattc taggcaacggaga 
ggtgaaaataacattgatgacattaatagctaactttgagcatttt 



Exon 16 

gtctgactccagagtcaaactctgaacaaacaaaaagacactttgggttagatatcctgg 
ggtgaaagcaagcactttgaaagtaagccaagcctgcgtacagatctgaccacctgaggt 
cacattccctaaaatactcaaacttctcccttttgtttcccatctaagtt ttcgaactta 
agagattttgcaaaacatcacacttttttatcctcacagtaccttcctatggcagatcta 
gcaggaggcgtataaacggggtggaaaaggtacagcagactgtggaatgtatggatcatt 
tatattacattaaaatttttagtttctagtaaataacttaaatgttcttgtagtgaagat 
tctagtagtcaatgaaaatctttggtaaactcagtttcggtctgttataattgtccttat 
tgtgtgatacatgtctactttaaattgtttttcttttttgtgtgtgtttattttgtgtag 

GTGTTCTCATAAACAGCTGTATACGTATGGCGTTTCTAAACATTGCATAAAAATTAACAG 

CSHKQLYTYGVSKHCIKINS 

CAAAAATGCAGAGTCTTTTCAGTTTCACACTGAAGATTATTTTGGTAAGGAAAGTTTATG 

KNAESFQFHTEDYFGKESLW 

GACTGGAAAAGGAATACAGTTGGCTGATGGTGGATGGCTCATACCCTCCAATGATGGAAA 
m r/ r. r a r * r' r> ui r t p c m n r; v 

GGCTGGAAAAGAAGAATTTTATAGgtactctatgcaaaaagattgtgtgttaacttttat 

AGKEEFYR 

gtattcccccatccctctttct nctcttaactgcctctcgaac taaaaagttggctagaa 
atcaaatttctatgcatrtaattgttttaagtgcattatggttaagcattctgtagaagt 
cttttgaaaagtgccgtttgtcccggggtttaatgaactggattttcttgatttgggaca 
tttttctcaggcattitataaatatagcccaarttataaagttaaatttggccgggtacag 
tggctcatgcctgtaatcccagcactttgggaggccgaggcgggtagatcacctgaggtc 
aggagttcgagaccagcctggccaacgtggcgaaaccccatctctactaaaagtacaaga 


2499 

2519 

2534 


2554 

2574 

2594 

2602 
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actatctgggcgtggtggcaggcac: 
gaatcgct tgaacctgggaggcag . . 


:tctggaggctgaggcagga 


Exon 17 

ttgttt tgtttttatatttt 

gagatagggtctcactcttgtccaggctggagtgcagtggcactatcatggctcactgca 

gcctcaacc tcc t gggc tcaagcaa tcc tcccaccacagcc tcccaagtagc tgggacca 
cagatctgagc taccactc t tgge tgat tttt tt tat tat etc ttgtagagatgtggggg 
tctcactatgttgcc tagge egg t c tcaaac etc t.ggccc.caagcaaC.ccti.cc •-gee tea 
gc t tcccaaaatgctgggagta taggcatgagccacca tgctcagcaatgaagt ttt -at 
cag tat ga tact t tga tacatg tcaaataatt t tc tgaaat ta tat tgtagatcatatga 
actcataaaaacttaatgatcttgaacaatgtagtttttgtacagagaatagttgtagtt 

gttgaattcagtat ca tee tatgtggttt ttatgataatat tetaett t tatttgttcag 

GGCTCTGTGTGACACTCCAGGTGTGGATCCAAAGCTTATTTCTAGAATTTGGGTTTATAA 
ALCDTPGVDPKLISRIWVYN 2622 

TCACTATAGATGGATCATATGGAAACTGGCAGCTATGGAATGTGCCTTTCCTAAGGAATT 

H Y R W I I W K LAAME C A F P K E F 2642 

TGCTAATAGATGCCTAAGCCCAGAAAGGGTGCTTCTTCAACTAAAATACAGgcaagttta 
ANRCLSPERVLLQLKYR 2659 

aagcattacattacgtaatcatatacggcagtatgggttaaggtttctgtgtagtctgtg 
acttccatgtcaaaatgttgcacaagccagttgtcagtgacagttgccatcccacactgc 
tgttctcctgtcatccctagcccccatttaagagagatcacacattcatgcattgcttgc 
ttccctctt tccccaccccctccttaacctct tgatgtatgagaagaatatgagttacta 
atttgatccactatttggggattgctaataaagcatttttgcattttattttttgctttt 
taaaaataattgatattttaacaatatgaaacaatatattcctagctacaaaatttttaa 
ttctcagtattrcttagataaattcagtttttattctcagttattcagtgacttgtttaa 
acagtggaattctagagtcacacttcctaaaatatgcatttttgttttcacttttagata 

tgatacggaaa 


Exon 18 

caactaaaatacaggcaagt 

ttaaagcattacattacgtaatcatatacggcagtatgggttaaggtttctgtgtagtct 
gtgacttccatgtcaaaatgttgcacaagccagttgtcagtgacagttgccatcccacac 
tgctgttctcctgtcatccctagcccccatttaagagagatcacacattcatgcattgct 
tgcttccctctttccccaccccctccttaacctcttgatgtatgagaagaatatgagt ta 
ctaatttgatccactatttggggattgctaataaagcatttttgcat tttattttt tget 
ttttaaaaa taattgatattttaacaatatgaaacaatatattcctagctacaaaatttt 
taattctcagtatttcttagataaattcagtttttattctcagttattcagtgacttgtt 
taaacagtggaattctagagtcacacttcctaaaatatgcatttttgttttcacttttag 

ATATGATACGGAAATTGATAGAAGCAGAAGATCGGCTATAAAAAAGATAATGGAAAGGGA 
YDTE I DRSRRSAIKKIMERD 2679 

TGACACAGCTGCAAAAACACTTGTTCTCTGTGTTTCTGACATAATTTCATTGAGCGCAAA 
DTAAKTLVLCVSDI I SLSAN 2699 


TATATCTGAAACTTCTAGCAATAAAACTAG7AGTGCAGATACCCAAAAAGTGGCCATTAT 
ISETSSNKTSSADTQKVAII 2719 
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3^2 


jAACTTAC A b 


STTAAGGCCCAGTTAoA a Cv_ * 

/ K A Q 1 D ? P 


ITCTTAGCTGT 


CTTAAAGAA7GGCAGACTGACAGTTGGTCAGAAGATTATTCTTCATGGAGCAGAACTGGT 
G K N 3 R G T V G Q K I I G H G A E L 7 

GGGCTCTCCTGATGCCTGTACACCTCTTGAAGCCCCAGAATCTCTTATGTTAAAGg taaa 


g c P 


p E S L M L K 


t taat t tgcactct tggtaaaaatcagtcattgat tcagt taaat tc tagaagt tt taca 

tt taaat tttaaatgcttactaaggatgctcaatttcttagatgtactgataattttagt 
ataaaaagcatattcttcagacagttaaagtttttgtgcagtttttgggaggtccagaga 
tctttcttgagcttaaataatgcatttccaattaaaaagcaaaataaatttgcaccattt 

gat 1 1 tggtatctgtagct tgctgccctct tg t tc teat age 1 1 tgc 1 1 tga t caga tee 

c tat tccaetetggat tagagaat tacat 1 1 tagtac ttt tcaaatatgtaatagataea 

ett tt tatc tetatgtaga 1 1 1 taaac tacataacaggactc 1 1 tgteata ttgaatggt 
c tgcag tat tgc tatc tgaaa t taccgataa tat tg tacat t caga ttcact taagaggt 
aaccttgcagagaat 


Exon 19 

cttaacaccatgccaggta 

ccttagtaagtgttcgatgaatatttgctttttgtattagccataatcattctcaggctg 

ctttgtcatttacttgttccacaaattcttagcttccaaaattttggtgatacctcattt 

cctattctc tc tagttgcct ttgtccatgtagatt ttt tgaggaage t tgggtaaataag 

tgtattttaaactattatgtttaaatcgaagttccttttatctgttttctaatagaaaca 
tttaaatagcattaagaacttgtagcagtataaacaatatgtttgagaagtactatattg 
tgaaaatattttcacttttatacagttttttacttatttactgtcttactaatcttccta 
agactttttaaagtgaatatttttaaggcagttctagaagaatgaaaactcttatgatat 
ctgtaatagaat tgaa tacatat ttaactactaaatcaatatat ttat taatt tgtccag 

ATTTCTGCTAACAGTACTCGGCCTGCTCGCTGGTATACCAAACTTGGATTCTTTCCTGAC 
ISANSTRPARWYTKLGFFPD 2797 

CCTAGACCTTTTCCTCTGCCCTTATCATCGCTTTTCAGTGATGGAGGAAATGTTGGTTGT 
PRPFPLPLSSLFSDGGNVGC 2817 

GTTG ATGT AATTATTC AAAGAGC ATAC CC T AT AC AGg tatgatgtattcttgaaacttac 
VDVI IQRAYPIQ 2829 

catatatttctttcttttgatacaattaatttgtttgtttgtttgagatggagtttcggt 
etc t tgcccaggctggagtgcaa tggcgtgatc t tggt tcactgcagcctcccacc tccc 

gggt tcaag tgat tctcctgcctcagcc tc tcaagt age t gage caccacacctggc taa 

ttttgtatttttggtagagaaggggtttcatcatgttggtcaggctgatctcgaactcct 
gacc tcaggtgatccactaatctcagcctcccaaagt tctgggattacagatgtgagcca 
ctgtgcc tggcctgatacaat taac ttgaatgt tatatatgtgac t t ttt tggtgtgtgt 
aacacattattacagtggatggagaagacatcatctggattatacatatt tcgcaatgaa 
agagaggaagaaaaggaagcagcaaaatatgtggaggcccaacaaaagagactaga . . . . 


Exon 20 

ctgaccctagaccttttcct 

ctgcccttatcatcgcttttcagtgatggaggaaatgttggttgtgttgatgtaattatt 
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caaagagcatactctatacaggtatgatgtat tcttgaaacttaccatatatttccttct 

1 1 tgatacaattaatt tgt ttgtttgt t tgagatggagtttcggtctcttgcccaggc tg 
gagtgcaatggcctgatct tggt tcactgcagccteccacctcccgggttcaagtgat tc 
tcctacctcagcrtctcaagtagctgagecaccacacctggctaattttgtatttttggt 

agagaagggg - -tea tcatgttgg teagge t gate tegaac tee -gacc tcagg tga .ce 
actaatct caoc t tc ccaaag 1 1 e t ggga t tacagat gtgagecac ~g -gee -ggee tga 
tacaat taac t tgaatgt tatatatgtgaett ttt tggtgtgtgtaacacattat tacag 

TGGATGGAGAAGACATCATCTGGATTATACATATTTCGCAATGAAAGAGAGGAAGAAAAG 
RMEKTSSGLYIFRNERSEEK 2649 

GAAGC AGC AAAAT ATGTGGAGGCCC AAC AAAAG AG ACT AGAAGC CTT ATTC ACT AAAATT 
EAAKYVEAQQKRLEALFTKI 2869 

CAGGAGGAATTTGAAGAACATGAAGgtaaaattagttatatggtacacat tgttatttc t 

QEEFEEHEE 2878 

aatatgagaacaaagtc ttagagac t ttgaatt taaca tt 1 1 taatgagtaaattgt ttt 
tattttgagtagtaaattgac t ttatttt ttagta tctagggtattcttt tt tggtgtta 

gacaaagaatagcaacaagggacagaaatatcaggtctaagccatttgtaatatttttcc 
tgaattcttacctatatgatgtggcttttgcatttttgtcatggtagttattagctttca 
tgtgttattatgcctggaactaggacctat tgtggtgtcaattttaatattaaaaatcat 
ggtgttttgatgtttatatgacataaattttattttttcgtatctcccttttgttgttgc 
tgaagat tt tatgtttttc tgcatt tee tcatgatttatatagatgtaacatgttctata 

ggacatgtaatttaca tgtcctatagaactataagttacatgtcc 


Exon 21 

atncattatacgaagttatggatcacaccactgcactc 

ccagattgggtgacagagtgagaccctgtctcaaaaaaaaaaaaaagaaaaaacttttag 

cagttatatagtttcttatctttaaatctcccttctttgggtgttttatgcttggttctt 

tagttt tagttgc tt ttgaatt tacag t ttagtgaat taataatcct tttgt tttettag 

AAAACACAACAAAACCATATTTACCATCACGTGCACTAACAAGACAGCAAGTTCGTGCTT 

NTTKPYLPSRALTRQQVRAL 2898 

TGCAAGATGGTGCAGAGCTTTATGAAGCAGTGAAGAATGCAGCAGACCCAGCTTACCTTG 

QDGAELYEAVKNAADPAYLE 2918 

AGgtgagagagtaagaggacatataatgaggcttgatgattattcaaggtgagaagctgt 
tttanactctctggccatcacaggaaggaatatgttgaaatgctgcatttctccaaaagg 
gatntgttcatttctgggattttccagtgatgttgcccagac 


Exon 22 

gtatctactatttcaaagtt 

aatggaattatactcctggggctaagaatgagggttctagggccaacctctactacctat 
gtggct tgtgcaaattagttgtcccctttgtgcctcagttttacctacaacacagaaaca 
atgatattacccaccccatggactgttgtgaagattaaatgaattagtacatttactaca 
catagatctatttctcaaaataatgagcattcagatattagccatctgtaatgtagttgg 
tgatgattatgattattagagtacatttataat tggaggatcatttttgccgtagggaaa 
tagaattattaatagtttgaggcacctgagaatattatgtgagaaactgattacattaac 
cacacccttaagatgagctctaat tttgt tgtatt tgtcctg ttt aaagccatctagtta 
caatagatggaacttttttgttctgattgctt tt tattccaatatcttaaatggtcacag 
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GAAGAGCAGTTAAGAGCCTTGAATAATCACAGGCAAATG'TTGAATGAT 

EEQLRALNNHRQMLND 


AAG AAA 2 AA G 
K K 2 A 


TCAGATCGAGTTGGAAATTAGGAAGGCCATGGAATCTGCTGAACAAAAG 

QIQLEIRKAMESAEQK 


GAACAAGGTTTATCAAGGGATGTCACAACCGTGTGGAAGTTGCGTATTGTAAGCTATTCA 

EQGLSRDVTTVWKLRIVSYS 


AAAAAAGAAAAAGATTCAGgtaageacgtaaatgcttcgtttttatcagtcttattaact 
K K E X D S V 


taaaaaatgaccctactaacaaaatgattataaatccagataaagtataaagttagttta 
catcagagaagcaaaatccaccactaatgcccacaaagagataatataaaagaggatctg 
tacttattttgaaacaaacatteaaatgataatcacttcttccattgcatctttctcatc 
tttctccaaacagttatactgagtatttggcgtccatcatcagatttatattctctgtta 
acagaaggaaagagatacagaatttatcatcttgcaacttcaaaatctaaaagtaaatct 
gaaagagctaacatacagttagcagcgacaaaaaaaactcagtatcaacaactaccggta 
caaacctttcattgtaatttttcagttttgataagtgcttgttagtttatggaatctcca 
tatgttgaatttttgttctgtttcccgtaggtttcagat 


Exon 23 

ctagttacaatagatggaac 

ttttttgtrctgattgctttttattccaatatcttaaatggtcacagggttatttcagtg 

aagagcagttaagagccttgaataatcacaggcaaatgttgaatgataagaaacaagctc 

agatccagttggaaattaggaaggccatggaatctgctgaacaaaaggaacaaggtttat 

caagggatgtcacaaccgtgtggaagttgcgtattgtaagctattcaaaaaaagaaaaag 

attcaggtaagtacgtaaatgcttcgtttctatcagttttattaacttaaaaaatgacct 

tactaacaaaatgattataaatccagataaagtataaagttagtttatatcagagaagca 

aaatccactaccaatgcccacaaagagataatataaaagaggatctgtatttattttgaa 

acaaacatttaaatgataatcacttcttccattgcatctttctcatctttctccaaacag 

TTATACTGAGTATTTGGCGTCCATCATCAGATTTATATTCTCTGTTAACAGAAGGAAAGA 

ILSIWRPSSDLYSLLTEGKR 

GATACAGAATTTATCATCTTGCAACTTCAAAATCTAAAAGTAAATCTGAAAGAGCTAACA 

YRIYHLATSKSKSKSERANI 

T AC AGTTAGC AGCGAC AAAAAAAACTC AGT ATC AAC AAC TACCGg tacaaacctttcatt 
QLAATKKTQYQQLP 

gtaatttttcagttttgataagtgcttgttagtttatggaatctccatatgttgaat ttt 
tgtttcgttttctgtaggtttcagaegaaattttatttcagatttaccagccacgggagc 
cccttcacrtcagcaaaetttcagatccagactttcagccatcttgttctgaggtggacc 
taataggacttgtcgt ttctgttgtgaaaaaaacaggtaatgcacaatatagttaatttt 
ttt tattgattcctttaaaaaacattgtcttttaaaatctcttatgattagttggagcta 
ccagttggcaaatttgctagctaactagtgatctgaaagtaagcctctttgaacctctga 
tttttcatgaaaagcaattctctcaattctatattatttcaagggtaacaagttacatcc 
tagtctgtgcacttaattctatagaaattgtccttaatcttattttctgcaatttatgtt 
ctet 


2938 

2958 

2978 

2985 


3005 

3025 

3039 


ET- -7 **2 
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aagat tcaggtaagtatgta 

aacgct tcgttt t tatcagttttat taact taaaaaatgacct tactaacaaaatgat ca 
:aaa:ccaga:aaagtataaagt:ag::ta:atcagagaagcaaaat:ccact:actaa!:gc 
ccacaaagagataatataaaagaggatctgtatttattttgaaacaaacat ttaaatgat 
aa:cac ttct :c:a::gcatc tttctcatcttt etc caaacagttatactgag tact tgg 
cgtccatcatcagatt tatattctctgt taacagaaggaaagagatacagaatttatcat 
ct tgcaacttcaaaatctaaaagtaaatctgaaagagctaacatacagttagcagcgaca 
aaaaaaactcagtatcaacaactaccggtacaaacctttcattgtaatttttcagttttg 
acaagcgcctgttagcttacggaatctccatatgttgaatttttgttttgttttctgtag 

GTTTCAGATGAAATTTTATTTCAGATTTACCAGCCACGGGAGCCCCTTCACTTCAGCAAA 
VSDEILFQIYQPREPLHF SK 

TT7TTAGATCCAGACTTTCAGCCATCTTGTTCTGAGGTGGACCTAATAGGATTTGTCGTT 

FLDPDFQPSCSEVDLIGFVV 

TCTGTTGTGAAAAAAACAGgtaatgcacaatatagttaattttttttattgattctttta 
S V V K K T G 

aaaaacattgtcttttaaaatctcttatgattagttggagctaccagttggcaaatttgc 
tagctaactagtgatctgaaagtaagccrctttgaacctctgatttttcatgaaaagcaa 
ttctctcaatcctatattatttcaagggtaacaagttacatcctagtctgtgtacttaat 
tttatagaaattgtccttaattttattttctgcaatttatgttttcttactatttctggt 
gtatgtgtttatcccattgtgatgttatattggtgtcctcaatttatttccttagccata 
cactctacttttcattgtacagggctatttattatctcagagtcaagctttttttttttt 
tttttt ttccccgagatggagtctcactctgttgcccaggctggagtncagtggcgnaat 
ntcagcccacngcaagttctgcctcccaggttnanacca 


Exon 25 

tgtatatgagctaataaaag 

ttgcttccaatattttataattataatgttttcagtgagtaaccttgttcataggtgttt 
tcatgaactttatgttcatgtgtattttactattattagaggtctatcttcagagaggag 
tacaagaaatgggattactgggtgcaaaggtaaatggatatgtgtctttgctaggtattg 
ccaaatttatctccagaaatcttgcacaaatctgtactcctgttagcaatgtgtgcgtat 
acctgcttaccacatgacctcagtaaaagaatgtgttgtcatattggtattgaaatttta 
gcactgtaagcaacaggtcattttggaaaacctgagctttcgccaaattcagctattttg 
atttgcttttattattagcatataccaaaataaataggcatattagagtttcctttcttg 
catcttaaaatt cate taacacatctataataacattcttttctttttttztccattc tag 

GACTTGCCCCTTTCGTCTATTTGTCAGACGAATGTTACAATTTACTGGCAATAAAGTTTT 

LAPFVYLSDECYNLLAIKFW 

GGATAGACCTTAATGAGGACATTATTAAGCCTCATATGTTAATTGCTGCAAGCAACCTCC 
IDLNEDI IKPHMLIAASNLQ 

AGTGGCGACCAGAATCCAAATCAGGCCTTCTTACTTTATTTGCTGGAGATTTTTCTGTGT 
WRPESKSGLLTLFAGDF SVF 

TTTCTGCTAGTCCAAAAGAGGGCCACTTTCAAGAGACATTCAACAAAATGAAAAATACTG 

SASPKEGHFQETFNKMKNTV 

TTGAGgtaaggttacttttcagcatcaccacacattttggtatttttctattttgacagt 

T 


3059 

3079 

3086 


3106 

3126 

3146 

3166 

3167 


^2 
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ccagtatcaaggaaacagctt ttatacaaattggatagt -gagg -agta ~g tgaggt aaa 
g- ctaa t catata t :aat rgccca tgaacctcaggagatgggggaatggggaaatgacag 

cagctacaaagagaagaatgac ttgaagggaaatgagttaggagaaattgtgagaaggac 

get cagaaa igcagactt cgtaagcaaactggaaa t tggt tacaagaa ^aata^gag^a 
tctgtggtt cgcagcagt cage ag tote at tag c taataa tan agagac tacaggt t ^ac 
a tttaaactceatatctagtgt t t :a:^ .-.agattatat ttet t tgaettgatt taatccc 

agataagagacactgatattattttccctagatcatgt 






Exon 2 6 


tatttgaccagttgtgattt 

ctcaagcaacagtttcatgtagtttaacctataaatcatt ucaattaat_cttggaacag 
acgtgaggtaggtgaggcaattctttcttttctctaaccaaagaagtacctttatagatg 

tgagatgat ccccagc ta t taag t ag taaatagagc taggac t tgagccccaa t c *- t c ca 

gcttcaatccagatcatatgacagcttgctgattaaactagatgacagagaagatctctt 
tccttcagatacacatact ttttccctgttcccctctccctatcagctagattcccctaa 

atcactgatactggtt t tg taa 1 1 1 . tgea teggea tgt ttgacaattggtatcacat t ta 
gggtttttcattcttttttggtcccaaacttttcatttctgcttttaaaggaaatacttt 

tggaaacataaa tatgtgggt t cgcaat ttataaagcagc 1 1 t tccac t tat 1 1 tc ttag 


AATATTGACATACTTTGCAATGAAGCAGAAAACAAGCTTATGCATATACTGCATGCAAAT 

nidilcneaenklmhilhan 


GATCCCAAGTGGTCCACCCCAACTAAAGACTGTACTTCAGGGCCGTACACTGCTCAAATC 

dpkwstptkdctsgpytaqi 


ATTCCTGGTACAGGAAACAAGCTTCTGgtaagttaatgtaaactcaaggaatattataag 
I PGTGNKLE 

aagtatatatggaggccatcgtatattctgttgtatacctagtaaacatggtaaaatgta 

attaaacttaattagaaaatgtggttgttatgtggctcctgtaagtatagttatttagaa 

attttatttattgaagcaagatatgaaactctgggtgcacactttccaaacaggtgcttt 

catttacatgtgattgaaaagtgt t tt t tgccatt tat ttcactgttccatacaattagg 
gttgtt tctaagctgt ttgtaagctgtttctaagctatttaagtggttaaatcacagtag 
atgcaaatcaagctaaagtctttaacattggctaatggctgattcttaaatagctaatac 

ttgc taagggtatc tac at taactcatt taatcctcataacaaccctatgagataaaacc 
taagtcctcacttaacat tgtcaataggtttttggaaactgatttta 


Exon 27 


taatctgtt 

aataataaaaaacaaaagattaaagcataagtgacgtcccctacctccttttttatc ._tt 

tactgtgat ta t tc t teat ct tee t tee ttt tea tg tea tt ttatatgctcttatgtaaa 

attactttcatctagaataggaataatgtgaactgaaatcacctaacctattaggagtta 

ggggagggagac tgtgtgtaa tat ttgcgtgcttaaatatt t tcaatgaaaagt tact tt 

gatttagttttttatgttactacataattatgataggctacgtttteatttttttatcag 


ATGTCTTCTCCTAATTGTGAGATATATTATCAAAGTCCTTTATCACTTTGTATGGCCAAA 

MSSPNCEIYYQSPLSLCMAK 


3187 

3207 

3216 


3236 


AGGAAGTCTGTTTCCACACCTGTCTCAGCCCAGATGACTTCAAAGTCTTGTAAAGGGGAG 

RKSVSTPVSAQMTSKSCKGE 


3256 


SS%2 
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AAAGAGATTGATGAC 
K £ I 0 0 


CAAAAGAACTGCAAAAAGAGAAGAGCCTTGGATTTCTTGAGTAGA 
Q K N C K K R R A G D F L S R 


CTGC 
L P 


EGACCTGTTAGTCCCATTTGTACATTTG'TTTCTCCGGCTGCACAGAAG 

PPVSPIGTFVSPAAQK 


GCATTTCAGCCAGCAAGGAGTTGTGGCACCAAATACGAAACACCCATAAAGAAAAAAGAA 
AF QPPRSCGTKYETPIKKKE 


CTGAATTCTCCTCAGATGACTCCATTTAAAAAATTCAATGAAATTTCTCTTTTGGAAAGT 

LNSPQMTPFKKFNEISLLES 


AATTCAATAGCTGACGAAGAACTTGCATTGATAAATACCCAAGCTCTTTTGTCTGGTTCA 

NSIADEELAGINTQALLSGS 


ACAGGAGAAAAACAATTTATATCTGTCAGTGAATCCACTAGGACTGCTCCCACCAGTTCA 

TGEKQFISVSESTRTAPTSS 

GAAGATTATCTCAGACTGAAACGACGTTGTACTACATCTCTGATCAAAGAACAGGAGAGT 

EDYLRLKRRCTTSLIKEQES 

TCCCAGGCCAGTACGGAAGAATGTGAGAAAAATAAGCAGGACACAATTACAACTAAAAAA 

SQASTEECEKNKQDTITTKK 

TATATCTAAGCATTTGCAAAGGCGACAATAAATTATTGACGCTTAACCTTTCCAGTTTAT 
Y I STOP 

AAGACTGGAATATAATTTCAAACCACACATTAGTACTTATGTTGCACAATGAGCAAAGAA 

ATTAGTTTCAAATTTACCTCAGCGTTTGTGTATCGGGCAAAAATCGTTTTGCCCGATTCC 

GTATTGGTATACTTTTGCTTCAGTTGCATATCTTAAAACTAAATGTAATTTATTAACTAA 

TCAAGAAAAACATCTTTGGCTGAGCTCGGTGGCTCATGCCTGTAATCCCAACACTTTGAG 

AAGCTGAGGTGGGAGGAGTGCTTGAGGCCAGGAGTTCAAGACCAGCCTGGGCAACATAGG 

GAGACCCCCATCTTTACAAAGAAAAAAAAAAGGGGAAAAGAAAATCTTTTAAATCTTTGG 


ATTTGATCACTACAAGTATTATTTTACAAGTGAAATAAACATACCATTTTCTTTTAGATT 

GTGTCATTAAATGGAATGAGGTCTCTTAGTACAGTTATTTTGATGCAGATAATTCCTTTT 


AGTTTAGCTACTATTTTAGGGGATTTTTTTTAGAGGTAACTCACTATGAAATAGTTCTCC 

TTAATGCAAATATGTTGGTTCTGCTATAGTTCCATCCTGTTCAAAAGTCAGGATGAATAT 

GAAGAGTGGTGTTTCCTTTTGAGCAATTCTTCATCCTTAAGTCAGCATGATTATAAGAAA 

AATAGAACCCTCAGTGTAACTCTAATTCCTTTTTACTATTCCAGTGTGATCTCTGAAATT 


3 2 " 6 
3296 
3316 
3336 
3356 
3376 
3396 
3416 
3418 


AAATTACTTCAACTAAAAATTCAAATACTTTAAATCAGAAGATTTCATAGTTAATTTATT 


2^2 
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PTTTTTTcaacaaaatggtcatccaaa* 


rtcaaacttgagaaaatatcttgctttcaaa - 


tggcactgaccctgcccgctctatccttagcgctatcacaggacccagagcctatgccct 

tt'aaacttaccacaaaagcagaagantaattcaacttaagatgatactctcatttgtca 

cacccttcccccccccttccggagatggagtcttgctctgtcgcccatgctggagcgcag 

tggcatgaccctggcccactgcagcccccacttcccgggctcaagtaattctcccacctc 

aagcctccctagtagctgggactacagggacgcaccaccacgcccagctaacttttgca 

tcttagcagagactgggctctaccatgttggccaagctggtctcaaactcctgatgtcag 

qtgatccacctgcctcagcctcccaaagcgctgggattataggcgtgagccactgtgccc 

ggccaatatttgctactttcttaggtttaatagagaaaagggataaaacatttctaactg 

ggagttaatagcatggagaaggccttaaatcagatgttctaatgccttaaatgtccgtat 

aatatcatgttttcaaatctaattataaatacgtttaaagccaagaataaatcttttaaa 

aaattgacttgtttccttccataactctgagccatgatttttctgttctgtaaaaagcat 

taacaaaaccgtctacttcgccactccccgtaacttaagtattctgcaagtcctattaat 

gagacttgttttgtttctaaaacagtttggttttcacatcctaatttcgcagtgatccac 

tctagaacaaggaaacaaaacctgggtttcaaacaggagaacagaaaaaattacaagaat 

ttaacctcctcttttttgaatccttggtacaactgctattgtctgttctcatgtagaaca 

cccattatgtcgatagatacgtaatgcgcacacttttttataaattataaataacatcca 

agctacataaaacaaaatatgaagcttgagtatatgtgcacatcatcccctcaaaagtga 

caattcaatgaccacaaagtcaacatactgcatcacaagggataatggtaaaaatctgtg 

ttatttatccagcaaccactcaatgagaccctattgcccataaagagcatttgccagttc 

tatgaatgatgcaaacagcgaacacaatacaagtcaatattgggtgctcaaagagttaca 

caaatcagaagccatgggagttgaaaaacagatcacttctacaggggacaaagttgacgg 

catttaatcaatttttatggtttacaaaccaaacatttcaggggtcagctagggaaagaa 

gagacattaaataggccaggaaaccattcCttagagctctagaaaagctacgtaacccag 

agccacttctccatagtggtcactcacttiaacccaagtgagcca 













































^2 





25A TAAAATTCATCTAACACATCTAT ACCTCAACAGTATTTTTCATT 302 

25B AATCCCAAATCAGGCCTTCTTACTT | ATTTCCCCATTCCCCCATCT 283 
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Materials and Methods Relating to the Identification and Sequencin g 
of the BRCA2 Cancer Susceptib ility Gene and Uses — The re 9 1 


Field of the Invention 


The present invention relates to the identification and sequencing of 
t.-.e "bRTAI cancer susceptibility gene, and tc materials and methods 
deriving from these findings. In particular, the present invention 
relates to nucleic acid molecules encoding BRCA2 polypeptides, and 
alleles of the 3RCA2 gene, including those with mutations which are 
associated with a predisposition to develop cancer, especially breas. 
and ovarian cancer, and to polypeptides encoded by this nucleic acid 
The present invention further relates to uses of such BRCA2 nucleic 
acid and BRCA2 polypeptides, in particular m the diagnostic, 
prognostic or therapeutic treatment of cancer. 


Rartearound of the Invention 

Over a lifetime approximately 1 in 12 women develops cancer of the 
breast. while a large ma;jority of these cancers are thought to be 
sporadic, a proportion of breast cancer cases, often quoted at 
approximately 5 %, is attributable to a predisposition to the disease 
which is transmitted as a highly penetrant autosomal dominant trait. 
This usually manifests as familial clustering of early onse^ breas. 
cancer cases which is often associated with cancers of other organs, 
notably the ovary. 

Abnormalities of several genes are known to confer susceptibility to 
breast cancer. The BRCA1 gene is located on chromosome 17q21 (1). 

BRCA1 encodes a 1863 aa protein which contains a RING finger domain and 
has little other homology to previously characterised proteins (3). 
Germline mutations of BRCA1 usually result in truncation or absence of 
the protein and hence presumed inactivation of one or more of its 
critical functions. BRCA1 accounts for approximately a third of 
families with site specific breast cancer. A small proportion of 
familial breast cancers are attributable to germline mutations m the 
p 53 gene and rare clusters of male breast cancers (4) are due to 
mutations in the androgen receptor. Work relating to the BRCA1 gene, 
methods used to isolate it and applications of the BRCA1 nucleic acid 
and polypeptides are disclosed in EP-A-0705902 . 

Using families with multiple cases of early onset breast cancer showing 
evidence against linkage to BRCA1 , the present inventors recently 
demonstrated the existence of a second major breas. cancer 
susceptibility locus, BRCA2 , on chromosome 13q!2-ql3 (5). Preliminary 

studies indicate that mutations in BRCA2 confer a similar risk of 
breast cancer to BRCA1 . However, the risk of ovarian cancer appears .0 


be lower and the risk of male breast cancer substantially mgr.er 
Together 3RCAI and BRCA2 account for three quarters of families wits 
multiple early onset breast cancer cases, and almost all families with 
both breast: and ovarian cancer. 


Qumnarv of the Invention 

Broadly, the work described in this application is based on the 
identification of the BRCA2 gene, and the disclosure of its sequence 
and the amino acid sequence of Che corresponding BRCA2 polypeptides. 
BRCA2 alleles, including those with mutations m the normal sequence, 
are also disclosed. 

The inventors initially found a portion of exon 16 of the BRCA2 gene 
and used this to sequence approximately 10% of the coding sequence. 
The BRCA2 cDNA sequence corresponding to this portion of the BRCA2 gene 
is shown in figure 1, the genomic sequence of the introns and exons 
initially sequenced by the inventors is shown in figure 2, with the 
translated protein sequence being shown in figure 3. 

Just after the identification of 10% of the coding sequence of the 
BRCA2 gene by the present inventors, a SOO.OOObp sequence was released 
on the internet on 23/11/95 and can be accessed at 

ftp /ftp. sanger. ac.uk/pub/human/sequences/13q and on 
f tp : / /genome /wustl . edu/pub/gscl/brca2 . 

Further work by the present inventors using this sequence and other 
known methods isolated around 75% of the BRCA2 coding sequence. This 
is shown in the cDNA sequence of figure 4, with the corresponding 
translated amino acid sequence shown in figure 5. The inventors also 
at this time identified 6 mutations in the BRCA2 gene, most notably a 
mutation at 6174delT from analysis of pedigrees from Ashkenan Jewish 
families from Montreal. 

The full BRCA2 sequence, showing the intron and exon structure is set 
out in figure 7. with the promoter region of the BRCA2 locus shown in 
figure 7. Primers suitable for amplifying the BRCA2 sequence are shown 
in figure 8 and are also published on 12/3/1996 in Nature Genetics. 
12:333-337, 1996. 

Following the initial sequencing of the BRCA2 gene described above, and 
using the information contained in figures 1 to 3 , the skilled person 
could readily assemble the full length sequence of the BRCA2 gene 
included in the Internet sequence using the techniques described m 


detail below. 


In a first aspect, the present invention provides a nucleic acid 
molecule comprising a part of the BRCA2 gene as set cut m figures ~ or 
2, or alleles thereof. 

5 This nucleic acid can be used to obtain the full length sequence of the 

3RCA2 gene. Accordingly, in a further aspect, the present invention 
provides a nucleic acid molecule comprising the full length coding 
sequence or complete BRCA2 gene as obtainable by: 

(a) using the nucleic acid sequences shown m figures 1 or 2 to 

10 construct probes for screening cDNA or genomic libraries, sequencing 

the positive clones obtained and repeating this process to assemble the 
full length BRCA2 sequence from the sequences thus obtained; 

(b) using the sequences shown in figures 1 or 2 to obtain 
oligonucleotides for priming BRCA2 nucleic acid fragments, these 

15 oligonucleotides being used in conjunction with oligonucleotides 

designed to prime from a cloning vector, to amplify by PCR nucleic ac^d 
fragments in a library that contains fragments of the BRCA2 sequence, 
sequencing the amplified fragments to obtain the BRCA2 sequence between 
taiown parts of the sequence and the cloning vector, and repeating this 
20 process to assemble the full length BRCA2 sequence from the sequences 

thus obtained; and/or, 

(c) using rapid amplification of cDNA ends (RACE), by 
synthesizing cDNAs from a number of different tissue RNAs , the cDNAs 
being ligated to an oligonucleotide linker, and amplifying by PCR the 

25 BRCA2 cDNAs using one primer that primes from the BRCA2 cDNA sequence 

of figure 1 and a second primer that primes from the o- igonucleotide 
linker, sequencing the amplified nucleic acid and repeating this 
process to assemble the full length BRCA2 sequence from the sequences 
thus obtained. 

30 

In a further aspect, the present invention provides a nucleic acid 
molecule comprising a part of the BRCA2 gene as set out in figure 4, or 
alleles thereof. The nucleic acid of figure 4 can be used in the same 
way as the nucleic acid set out in figures 1 and 2 to obtain the ceding 
35 sequence of the full length BRCA2 gene. 

The sequences sec ouc in figures 1, 2 and 4 are believed co be a rare 
alternative splice of BRCA2 including nucleic acid at the J' end cf 
exon IS coding for an additional 8 amino acids ;ALCDVKAT) . The 
4 0 sequence in figure 7 shows what is thought co be the normal amino acid 

sequence of the BRCA2 polypeptide at this position. However, the 
presence of the alternative splice has no effect on the methodology 
outlined above for isolating the full length BRCA2 gene using the 10* 
and 75 % sequences initially isolated by the present inventors . 


45 


In a further aspect, the present invention provides a nucleic acid 
molecule which has a nucleotide sequence encoding a BRCA2 polypeptide 
including the amino acid sequence set out m any one of figures 3, 5 or 


In a further aspect, the present invention provides a nucleic acid 
molecule which has a nucleotide sequence encoding a polypeptide which 
is an allele (including mutant alleles) or variant of a BRCA2 
polypeptide including the ammo acid sequence set out m any one of 
figure 3, 5 or 7 . where the nucleic acid sequence is a mutant alleie 
sequence , preferably it includes one or more of the exemplary mutations 
set out in table 1. Preferred mutations from table 1 include the 
6l74delT and 6503delTT mutations. 

In a further aspect, the present invention provides a nucleic acid 
molecule which has a nucleotide sequence encoding a fragment or active 
portion of a BRCA2 polypeptide including the amino acid sequence set 
out in any one of figure 3, 5 , or 7. 

In a further aspect, the present invention provides nucleic acid 
encoding all or a part the BRCA2 promoter region, the nucleic acid 
sequence of which is set out in figure 6 . 

In further aspects, the present invention includes replicable vectors 
comprising the above nucleic acid operably linked to control sequences 
to direct its expression, host cells transformed with these vectors, 
and methods of producing BRCA2 polypeptide comprising culturing the 
host cells and recovering the polypeptide produced. 

In a further aspect, the present invention provides the above nucleic 
acid molecules for use in methods of medical treatment, especially in 
the diagnosis and therapy of cancer. Also included herein is the use 
of the above nucleic acid molecules in the preparation of a medicament 
for treating cancer. This is discussed further below. 

In a further aspect, the present invention provides the use of one of 
the above nucleic acid sequences in the design of primers for use in 
the polymerase chain reaction. 

In a further aspect, the present invention provides substances 
comprising polypeptides encoded by the above nucleic acid, or an active 
portions, derivatives or functional mimetics thereof. 

In a further aspect, the present invention provides a method of 
diagnosing a susceptibility or predisposition to cancer in a patient by 


45 


analysing a wl. '»• P*'- 1 '”' - h * 9 "° " “* 

polypsp-.m. encoded by id By «ay o! .xarol.. this toa.d be tarr.s. 

out by: 

U> comparing the sequence of nucleic acid m the sample with t..e 
BRCA2 nucleic acid sequence to determine whether the sample from the 
patient contains nutations; or, 

(b) determining the presence in a sample from a patient of the 
polypeptide encoded by the 8RCA2 gene as set out in the partial 
sequences of figures 3 and 5 or the full length sequence set out in 
figure 7 and, if present, determining whether the polypeptide is -u„ 
length, and/or is mutated, and/or is expressed at the normal level; or, 

(c) using DNA fingerprinting to compare the restriction pattern 

produced when a restriction enzyme cuts a sample of nucleic acid from 
the patient with the restriction pattern obtained from normal BRCA2 
gene comprising the sequence set out in figures 1, 2. 4 or 7 or from 

lenown mutations thereof; or, 

(d) using a specific binding member capable of binding to a BRCA2 
nucleic acid sequence (either a normal sequence or a known mutated 
sequence), the specific binding member comprising nucleic aci 
hybndisable with the BRCA2 sequence, or substances comprising 
antibody domain with specificity for a native or mutated BRCA2 nucleic 
acid sequence or the polypeptide encoded by it, and detecting the 
binding of the specific binding member to its binding partner by means 

of a label; or, 

( e) using PCR involving one or more primers based on normal or 
mutated BRCA2 gene sequence to screen for normal or mutant BRCA2 gene 
in a sample from a patient. 

while diagnostic methods (a) - (e) are provided as examples, other assay 
formats are well known in the art and will be apparent to the skilled 

person . 

The detection of mutations in the BRCA2 gene indicates a susceptibility 
to cancer, especially female breast cancer, male breast cancer and 
ovarian cancer. Risks of other cancers including prostate cancer, 
pancreatic cancer, ocular melanoma, colorectal cancer and leukaemia are 
also likely to be elevated in carriers of BRCA2 mutations. 

n^seriDtion of the Drawing 


The above and further aspects of the present invention will now e 
further described by way of example with reference to the accompanying 
drawings, by way of example and not limitation. Still further aspects 
of the invention will be apparent to those or ordinary skill in the 


art . 


Figure 1 shows the partial sequen 
cDNA clone 14 


re of the BRCA2 gene obtained from a 


Figure 2 :a> - le; shows the sequences of the exons and introns of clone 
14 where they are known . 

Figure 3 shows the translated amino acid sequence of nucleic acid 
sequence shown in figure 1. Of the 3 possible reading frames, the one 
used to translate the amino acid sequence shown m this figure is the 
most likely candidate as the nucleic acid obtained when the reading 
frame is in the other positions contains stop codons m the sequence. 

Figure 4 shows the second part of the cDNA sequence of the BRCA2 gene 
isolated by the inventors, including the cDNA sequence set out in 

figure 1. 

Figure 5 (a) -(d) shows the translated amino acid sequence of nucleic 
acid sequence shown in figure 4. with the bold arrows over the sequence 
indicating the boundaries between the parts of the protein encoded y 
different exons in the gene. 

Figure 6 shows the sequences of the BRCA2 promoter region with the 
binding sites for potential transcription factors underlined and CpG 
shown in bold. The promoter sequence may be of use m screening 
substances which modulate the expression of the BRCA2 gene for use a 
therapeutics . 

Figure 7 shows the sequence of the BRCA2 gene, including the 
exon/intron structure defined by cohering the BRCA2 cDNA sequence with 
the genomic sequence of chromosome 13q between D13S260 and D13S17*. 
Exons are shown in upper case with the flanking intron sequence shown 
in lower case. The amino acid sequence is shown below the open reading 
frame from exon 2 to 26 . 

Figure 8 shows primers for single stranded conformation polymorphism 
(SSCP) testing which have been designed to amplify the BRCA2 gene y 
the PCR for the identification of sequence changes in genomic DNA that 
may predispose to the development of breast cancer. The primers are 
located in the intron sequences flanking each of the 26 exons that 
contain the open reading frame of the gene. The amplified products 
include the splice site consensus sequences. Two or more sets 
primers have been designed for the larger exons of the gene. The 
primers are labelled by: their exon number, the subsection of the exon 
and as forward or reverse. The PCR products range from 160 to 360bp. 
The column labelled CON indicates the conditions that we have use 


The primers have been tested using a limited set of conditions which 
were all based on touchdown (TD) ?CR where the figures indicate the 
first and final annealing temperature respectively. When mutations 
have been identified, the PCR products have been sequenced using the 
same primers and fluorescent cycle sequencing. 

Figure 9 shows the alignment of ammo acid motifs m exon 11 of BRCA2 
from different species. 

Figure 10 shows exemplary primers for use in PTT assays. 

Figure 11 shows immunoprecipitation of FLAG-tagged 3RCA2 protein from 
COS cells transfected with expression plasmid pl3120. Total cell 
lysates from transfected, (lanes a and b) and untransfected (lanes c 
and d) COS cells subjected to immunoprecipitation with anti -FLAG 
antibody (lanes b and d) or with a control antibody against a Golgi 
protein (lanes a and c) . Anti-FLAG antibody immunoprecipitates a 
protein of approximately 400kDa (arrow) from transfected, but not from 
untransfected COS cell lysate (compare lanes d and b) . The control 
antibody does not immunoprecipi tate this protein (see lane c) . The 
strong, high molecular weight protein in the marker lanes is 220kOa. 

Figure 12 shows a Western blot of FLAG-tagged BRCA2 protein. Total 
cell lysates of COS cells (lanes a and b) and 293T cells (lanes c and 
d) transfected with expression plasmid pl3120 (lanes a and c) or no DNA 
(lanes b and d) . Anti -FLAG antibody detects a protein of approximately 
4Q0kDa (arrow) in the transfected, but not in the untransfected cell 
lysates . The protein in the marker lane has a molecular weight of 
2 2 OkDa . 

Figure 13 shows the detection of FLAG-tagged BRCA2 protein by 
immunofluorescence. COS cells transfected with expression plasmid, 
pl3 12 0 and fixed, 48 hours later, with 4% formaldehyde, then 
permeabl ised with 0.4% Triton-XIOO. Anti-FLAG antibody reveals 
variation in the cellular localisation of FLAG-tagged BRCA2 protein, 
whilst BRCA2 protein is equally distributed between the nucleus and the 
cytoplasm in 14% of cells, it is predominantly nuclear (A) in 42% and 
cycopiasmic (B) in 44% of cells (n«50) . Expression in the cytoplasm 
appears granular, which may indicate an association with the 
endoplasmic reticulum. Staining is not seen in untransfected cells. 

PS t ail s fl. Qs sgriptio n 


Preparation BRCA2 nucleic acid, and vectors, and ho st cells 
incorporating the nucleic acid 


"BRCA2 region" refers to the portion of human chromosome 13ql2-13 
identified in Wooster et al ( 5), containing the BRCA2 locus 

The " BRCA2 locus" includes the BRCA2 gene, both the coding sequence 
;exons) and intervening sequences !mtrons) , and its regulatory 
elements for controlling transcription and/or translation. The BRCA2 
locus covers allelic variations within the locus. 

The term "BRCA2 gene" or "BRCA2 nucleic acid" includes normal alleles 
of the BRCA2 gene, both silent alleles having no effect on the ammo 
acid sequence of the BRCA2 polypeptide and alleles leading to ammo 
acid sequence variants of BRCA2 polypeptide that do not substantially 
affect its function. These terms also includes alleles having one or 
more mutations that are linked to a predisposition to develop cancer, 
especially male and female breast cancer or ovarian cancer. A mutation 
may be a change in the BRCA2 nucleic acid sequence which produces a 
deleterious change in the amino acid sequence of the BRCA2 polypeptide, 
resulting in partial or complete loss of BRCA2 function, or may be a 
change in the nucleic acid sequence which results in the loss of 
effective BRCA2 expression or the production of aberrant forms of the 
BRCA2 polypeptide. Examples of such mutations are shown in table 1. 
Alleles including such mutations are also known m the art as 
susceptibility alleles. 

The BRCA2 nucleic acid may be that shown in figures 1, 2, 4 or 7 , or it 
may be an allele as described above, or a variant or derivative, 
differing from that shown by a change which is one or more of addition, 
insertion, deletion and substitution of one or more nucleotides of the 
sequence shown. Changes to a nucleotide sequence may result in an 
ammo acid change at the protein level, or not, as determined by the 
genetic code. 

Thus, nucleic acid according to the present invention may include a 
sequence different from the sequence shown in figures 1, 2, 4 or 7 yet 
encode a polypeptide with the same amino acid sequence. The amino acid 
sequence shown in figure 7 consists of 3418 residues. 

On the other hand, the encoded polypeptide may comprise an amino acid 
sequence which differs by one or more amino acid residues from the 
ammo acid sequence shown in figures 3, 5 or 7 . Nucleic acid encoding 
a polypeptide which is an amino acid sequence variant, derivative or 
allele of the sequence shown in figures 3, 5 or 7 is further provided 
by the present invention. Such polypeptides are discussed below. 
Nucleic acid encoding such a polypeptide may show greater than about 
60% homology with the coding sequence shown in figures 1, 2, 4 or 7 


greater than aoout “’CV homology, greater than about 8 0% homology, 
greater than about 90% homology or greater than about 95V homology. 

Particular mutant alleles of the present invention are set out in table 
1. using the nomenclature first proposed m (8). These mutations are 
generally associated with the production of truncated forms of the 
BRCA2 gene product. These have been shown by the experimental work 
described herein to be associated with susceptibility to male and 
female breast cancer and/or ovarian cancer. Implications for 
screening, e.g. for diagnostic or prognostic purposes, are discussed 
below . 

Generally, nucleic acid according to the present invention is provided 
as an isolate, in isolated and/or purified form, or free or 
substantially free of material with which it is naturally associated, 
such as free or substantially free of nucleic acid flanking the gene m 
the human genome, except possibly one or more regulatory sequence (s) 
for expression. Nucleic acid may be wholly or partially synthetic and 
may include genomic DNA, cDNA or RNA. Where nuclei c acid according to 
the invention includes RNA, reference to the sequence shown should be 
construed as reference to the RNA equivalent, with U substituted for T. 

Nucleic acid sequences encoding all or part of the BRCA2 gene and/or 
its regulatory elements can be readily prepared by the skilled person 
25 using the information and references contained herein and techniques 

known in the art (for example, see Sambrook, Fritsch and Maniatis, 
Molecular Cloning, A Laboratory Manual, Cold Spring Harbor Laboratory 
Press, 1989, and Ausubel et al , Short Protocols in Molecular Biology, 
John Wiley and Sons, 1992) . These techniques include (i) the use of 
30 the polymerase chain reaction (PCR) to amplify samples of such nucleic 

acid, e.g. from genomic sources, (ii) chemical synthesis, or (lii) 
preparing cDNA sequences. Modif ications to the BRCA2 sequences can be 
made, e.g. using site directed mutagenesis, to provide expression of 
modified BRCA2 polypeptide or to take account of codon preference in 
35 the host cells used to express the nucleic acid. 

In order to obtain expression of the BRCA2 nucleic acid sequences, the 
sequences can be incorporated in a vector having control sequences 
operably linked to the BRCA2 nucleic acid to control its expression. 

4 j The vectors may include other sequences such as promoters or enhancers 

to drive the expression of the inserted nucleic acid, nuclei c acid 
sequences so that the BRCA2 polypeptide is produced as a fusion and/or 
nucleic acid encoding secretion signals so that the polypeptide 
produced in the host cell is secreted from the cell. BRCA2 polypeptide 
45 can then be obtained by transforming the vectors into host cells m 



which the vector is functional, culturing the host cells so that tne 
BRCA2 polypeptide is produced and recovering the BRCA2 polypeptide from 
tne host cells or the surrounding medium. Prokaryotic and eukaryotic 
cells are used for this purpose m the art, including strains of £. 
coll, yeast, and eukaryotic cells such as CDS or CHO cells. The choice 
of host cell can be used to control the properties of the 5RCA2 
polypeptide expressed in those cells, e.g. controlling where the 
polypeptide is deposited in the host cells or affecting properties such 
as its giycosylation . 

PCR techniques for the amplification of nucleic acid are described m 
US Patent No. 4,683.195. In general, such techniques require that 
sequence information from the ends of the target sequence is known to 
allow suitable forward and reverse oligonucleotide primers to be 
designed to be identical or similar to the polynucleotide sequence that 
is the target for the amplification. PCR comprises steps of 
denaturation of template nucleic acid (if double-stranded) , annealing 
of primer to target, and polymerisation. The nucleic acid probed or 
used as template in the amplification reaction may be genomic DNA, cDNA 
or RNA. PCR can be used to amplify specific sequences from genomic DNA, 
specific RNA sequences and cDNA transcribed from mRNA, bacteriophage or 
plasmid sequences. The BRCA2 nucleic acid sequences provided herein 
readily allow the skilled person to design PCR primers, see for example 
figure 8 . References for the general use of PCR techniques include 
Mullis et al, Cold Spring Harbor Symp. Quant. Biol., 51:263, (1987), 
Ehrlich (ed) , PCR technology, Stockton Press, NY, 1989, Ehrlich et al, 
Science, 252:1643-1650, (1991), PCR protocols; A Guide to Methods and 
Applications, Eds. Innis et al, Academic Press, New York, (1990). 

Also included within the scope of the invention are antisense 
oligonucleotide sequences based on the BRCA2 nucleic acid sequences 
described herein. Antisense oligonucleotides may be designed to 
hybridise to the complementary sequence of nucleic acid, pre-mRNA or 
mature mRNA, interfering with the production of polypeptide encoded by 
a given DNA sequence (e.g. either native BRCA2 polypeptide or a mutant 
form thereof) , so that its expression is reduce or prevented 
altogether. In addition to the BRCA2 coding sequence , antisense 
techniques can be used to target the control sequences of the BRCA2 
gene, e.g. in the 5' flanking sequence of the BRCA2 coding sequence, 
whereby the antisense oligonucleotides cam interfere with BRCA2 control 
sequences. The construction of antisense sequences and their use is 
described in Reyman and Ulman, Chemical Reviews, 90:543-584, (1990), 
Crooke, Ann. Rev. Pharmacol. Toxicol., 32:329-376, (1992), and Zamecnik 
and Stephenson, P.N.A.S, 75:280-284, (1974). 


are useful 


The nucleic acid sequences provided m figures 1. 2, 4 and 7 
for identifying nucleic acid of interest (and which "nay be according tc 
che present invention) m a test sample. The present invention 
provides a method of obtaining nucleic acid of interest, the method 
including hybridisation of a probe having the sequence shown m figures 

1, 2, 4 or 7 or a complementary sequence, to target nucleic acid. 

Hybridisation is generally followed by identification of successful 
hybridisation and isolation of nucleic acid which has hybridised to the 
probe, which may involve one or more steps of PCR. 

Nucleic acid according to the present invention is obtainable using one 
or more oligonucleotide probes or primers designed to hybridise with 
one or more fragments of the nucleic acid sequence shown in figures 1, 

2 , 4 or 7, particularly fragments of relatively rare sequence, based on 

codon usage or statistical analysis. A primer designed to hybridise 
with a fragment of the nucleic acid sequence shown in the above figures 
may be used in conjunction with one or more oligonucleotides designed 
to hybridise to a sequence in a cloning vector within which target 
nucleic acid has been cloned, or in so-called "RACE'* (rapid 

amplification of cDNA ends) in which cDNA's in a library are ligated to 
an oligonucleotide linker and PCR is performed using a primer which 
hybridises with the sequence shown in figures 1, 2, 4 or 7 and a primer 
which hybridises to the oligonucleotide linker. 

Such oligonucleotide probes or primers, as well as the full-length 
sequence (and alleles, variants and derivatives) are also useful in 
screening a test sample containing nucleic acid for the presence of 
alleles and variants, especially those that confer susceptibility or 
predisposition to cancers, the probes hybridising with a target 

sequence from a sample obtained from the individual being tested. The 
conditions of the hybridisation can be controlled to minimise non- 
specific binding, and preferably stringent to moderately stringent 
hybridisation conditions are preferred. The skilled person is readily 
able to design such probes, label them and devise suitable conditions 
for the hybridisation reactions, assisted by textbooks such as Sambrook 
et al (1989) and Ausubel et al (1992) . 

As well as determining the presence of polymorphisms or mutations m 
the BRCA2 sequence, the probes may also be used to determine whether 

mRNA encoding BRCA2 is present in a cell or tissue. 

Nucleic acid isolated and/or purified from one or more cells (e.g. 
human) or a nucleic acid library derived from nucleic acid isolated 
and/or purified from cells (e.g. a cDNA library derived from mRNA 


isolated from the cells;, ray be probed under conditions for selective 
hybridisation and/or subjected to a specific nucleic acid amplification 
reaction such as the polymerase chain reaction (PCR) . 

In the context of cloning, it may be necessary for one or more gene 
fragments to be ligated to generate a full-length coding sequence 
Also, where a full-length encoding nucleic acid molecule has not been 
obtained, a smaller molecule representing part of the full molecule, 
may be used to obtain full-length clones. Inserts may be prepared from, 
partial cDNA clones and used to screen cDNA libraries. The full-length 
clones isolated may be subcloned into expression vectors and activity 
assayed by transfection into suitable host cells, e.g. with a reporter 
plasmid . 

A method may include hybridisation of one or more (e.g. two) probes or 
primers to target nuclei c acid. Where the nucleic acid is double- 
stranded DMA, hybridisation will generally be preceded by denaturation 
to produce single-stranded DNA . The hybridisation may be as part of a 
PCR procedure, or as part of a probing procedure not involving PCR. An 
example procedure would be a combination of PCR and low stringency 
hybridisation. A screening procedure, chosen from the many available 
to those skilled in the art, is used to identify successful 
hybridisation events and isolated hybridised nucleic acid. 

Binding of a probe to target nucleic acid {e.g. DNA) may be measured 
using any of a variety of techniques at the disposal of those skilled 
m the art. For instance, probes may be radioactively , f luorescently 
or enzymatically labelled. Other methods not employing labelling of 
probe include examination of restriction fragment length polymorphisms, 
amplification using PCR, RNAase cleavage and allele specific 
oligonucleotide probing. 

Probing may employ the standard Southern blotting technique. For 
instance DNA may be extracted from cells and digested with different 
restriction enzymes. Restriction fragments may then be separated by 
electrophoresis on an agarose gel, before denaturation and transfer to 
a nitrocellulose filter. Labelled probe may be hybridised to the DNA 
fragments on the filter and binding determined. DNA for probing may be 
prepared from RNA preparations from cells. 

Preliminary experiments may be performed by hybridising under *ow 
stringency conditions various probes to Southern blots of DNA digested 
with restriction enzymes. Suitable conditions would be achieved when 
a large number of hybridising fragments were obtained while the 
background hybridisation was low. Using these conditions nucleic acid 


libraries , e.g. cDNA libraries representative of expressed sequences, 
nay be searcned. 

Those skilled in -he art are well able to employ suitable conditions of 
- tre desired stringency for selective hybridisation, taking into account 

factors such as oligonucleotide length and base composition, 
temperature and so on. 

Or. che basis of amino acid sequence information, oligonucleotide probes 
.1 or primers may be designed, caking inco account che degeneracy of che 

genetic code, and, where appropriate, codon usage of Che organism from 
the candidate nucleic acid is derived. An oligonucleotide for use in 
nucleic acid amplification may have about 10 or fewer codons (e.g. 6, 

7 or 3), i.e. be about 30 or fewer nucleotides in length (e.g. 18 , 21 
■3 or 24 ) . Generally specific primers are upwards of 14 nucleotides in 

length, but not more than 18 - 20 . Those skilled in the art are well 
versed in the design of primers for use processes such as PCR. 

A further aspect of the present invention provides an oligonucleotide 
20 or polynucleotide fragment of the nucleotide sequence shown in figure 

1, 2, 4 or 7, or a complementary sequence, in particular for use m a 
method of obtaining and/or screening nucleic acid. The sequences 
referred to above may be modified by addition, substitution, insertion 
or deletion of one or more nucleotides, but preferably without 
25 abolition of ability to hybridise selectively with nucleic acid with 

the sequence shown in figures 1 , 2 , 4 or 7 . that is wherein the degree 
of homology of the oligonucleotide or polynucleotide with one of the 
sequences given is sufficiently high. 

30 In some preferred embodiments, oligonucleotides according to the 

present invention that are fragments of any of the sequences shown in 
figures 1, 2, 4 or 7, or any allele associated with cancer 
susceptibility, are at least about 10 nucleotides in length, more 
preferably at least about 15 nucleotides in length, more preferably at 
35 least about 20 nucleotides in length. Such fragments themselves 

individually represent aspects of the present invention. Fragments and 
other oligonucleotides may be used as primers or probes as discussed 
but may also be generated (e.g. by PCR) in methods concerned with 
determining the presence in a test sample of a sequence indicative of 
43 cancer susceptibility. 

Methods involving use of nucleic acid in diagnostic and/or prognostic 
contexts, for instance in determining susceptibility to cancer, and 
other methods concerned with determining the presence of sequences 
45 indicative of cancer susceptibility are discussed below. 
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Nuclei c acid according to the present invention may be used m methods 
of gene therapy, for instance m treatment of individuals with the aim 
of preventing or curing (wholly or partially: cancer. This too is 

discussed below. 

Nucleic acid according to the present invention, such as a full-length 
coding sequence or oligonucleotide probe or primer, may be provided as 
part of a kit, e.g. in a suitable container such as a vial m which the 
contents are protected from the external environment. The kit may 
1 j include instructions for use of the nucleic acid, e.g. in PCR and/or a 

method for determining the presence of nucleic acid of interest m a 
test sample. A kit wherein the nucleic acid is intended for use m PCR 
may include one or more other reagents required for the reaction, such 
as polymerase, nucleosides, buffer solution etc. The nucleic acid may 
15 be labelled. A kit for use m determining the presence or absence of 

nucleic acid of interest may include one or more articles and/or 
reagents for performance of the method, such as means for providing the 
test sample itself, e.g. a swab for removing cells from the buccal 
cavity or a syringe for removing a blood sample (such components 
20 generally being sterile) . In a further aspect, the present invention 

provides an apparatus for screening BRCA2 nucleic acid, the apparatus 
comprising storage means including the BRCA2 nucleic acid sequence as 
set out in any one of figures 1, 2, 4 or 7, the stored sequence being 
used to compare the sequence of the test nucleic acid to determine the 
25 presence of mutations. 

A convenient way of producing a polypeptide according to the present 
invention is to express nucleic acid encoding it, by use of the nucleic 
acid in an expression system. The use of expression system has reached 
30 an advanced degree of sophistication today. 

Accordingly, the present invention also encompasses a method of making 
a polypeptide (as disclosed) , the method including expression from 
nucleic acid encoding the polypeptide (generally nucleic acid according 
35 to the invention) . This may conveniently be achieved by growing a host 

cell in culture, containing such a vector, under appropriate conditions 
which cause or allow expression of the polypeptide. Polypeptides may 
also be expressed in in vitro systems, such as reticulocyte lysate. 

40 Systems for cloning and expression of a polypeptide in a variety of 

different host cells are well known. Suitable host cells include 
bacteria, eukaryotic cells such as mammalian and yeast, and baculovirus 
systems. Mammalian cell lines available in the art for expression of 
a heterologous polypeptide include Chinese hamster ovary cells, HeLa 
cells, baby hamster kidney cells, COS cells and many others. A common, 
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preferred bacterial host is E. cell 

Suitable vectors can be chosen or constructed, containing appropriate 
regulator/ sequences, including promoter sequences, terminator 
fragments, pclyadenylation sequences , enhancer sequences, marker genes 
and other sequences as appropriate. Vectors may be plasmids, viral 
e.g. 'phage, or phagemid, as appropriate. For further details see, for 
example. Molecular Cloning: a Laboratory Manual: 2nd edition, Sambrcok 
et al . , 199 9, Cold Spring Harbor Laboratory Press. Many known 
techniques and protocols for manipulation of nucleic acid, for example 
in preparation of nucleic acid constructs, mutagenesis, sequencing, 
introduction of DNA into cells and gene expression, and analysis of 
proteins, are described in detail in Current Protocols in Molecular 
Biology, Ausubel et al . eds . , John Wiley & Sons, 1992. 

Thus, a further aspect of the present invention provides a host ceil 
containing nucleic acid as disclosed herein. The nucleic acid of the 
invention may be integrated into the genome (e.g. chromosome) of the 
host cell. Integration may be promoted by inclusion of sequences which 
promote recombination with the genome, in accordance with standard 
techniques. The nucleic acid may be on an extra - chromosomal vector 
within the cell. 

A still further aspect provides a method which includes introducing the 
nucleic acid into a host cell. The introduction, which may 
(particularly for in vitro introduction) be generally referred to 
without limitation as "transformation", may employ any available 
technique. For eukaryotic cells, suitable techniques may include 
calcium phosphate transfection, DEAE-Dextran , electroporation, 
liposome-mediated transfection and transduction using retrovirus or 
other virus, e.g. vaccinia or, for insect cells, baculovirus. For 
bacterial cells, suitable techniques may include calcium chloride 
transformation, electroporation and transfection using bacteriophage. 
As an alternative, direct injection of the nuclei c acid could be 
employed. 

Marker genes such as antibiotic resistance or sensitivity genes may be 
used m identifying clones containing nucleic acid of interest, as is 
well known in the art. 

The introduction may be followed by causing or allowing expression from 
the nucleic acid, e.g. by culturing host cells (which may include cells 
actually transformed although more likely the cells will be descendants 
of the transformed cells) under conditions for expression of the gene, 
so that the encoded polypeptide is produced. If the polypeptide is 


expressed coupled to an appropriate signal leader peptide it may be 
secreted from the cell into the culture medium. Following production 
by expression, a polypeptide may be isolated and/or purified from the 
host cell and/or culture medium, as the case ray be, and subsequently 
c used as desired, e.g. m the formulation of a composition which may 

include one or more additional components, such as a pharmaceut 1 cal 
composition which includes one or more pharmaceutically acceptable 
excipients, vehicles or carriers (e.g. see below). 

1C Introduction of nucleic acid may take place m vivo by way of gene 

therapy, as discussed below. 

A host cell containing nucleic acid according to the present invention, 
e.g. as a result of introduction of the nucleic acid into the cell or 
15 into an ancestor of the cell and/or genetic alteration of the sequence 

endogenous to the cell or ancestor {which introduction or alteration 
may take place in vivo or ex vivo), may be comprised (e.g. in the soma) 
within an organism which is an animal, particularly a mammal, which may 
be human or non-human, such as rabbit, guinea pig, rat, mouse or other 
2D rodent, cat, dog, pig, sheep, goat, cattle or horse, or which is a 

bird, such as a chicken. Genetically modified or transgenic animals or 
birds comprising such a cell are also provided as further aspects of 
the present invention. 

25 This may have a therapeutic aim. (Gene therapy is discussed below.) 

The presence of a mutant, allele or variant sequence within cells of an 
organism, particularly when in place of a homologous endogenous 
sequence, may allow the organism to be used as a model in testing 
and/or studying the role of the BRCA2 gene or substances which modulate 
3C activity of the encoded polypeptide in vitro or the promoter sequence 

shown in figure 6 are otherwise indicated to be of therapeutic 
potential . 

Instead of or as well as being used for the production of a polypeptide 
35 encoded by a transgene, host cells may be used as a nucleic acid 

factory to replicate the nucleic acid of interest in order to generate 
large amounts of it. Multiple copies of nucleic acid of interest may 
be made within a cell when coupled to an amplifiable gene such as DHFR. 
Host cells transformed with nucleic acid of interest, or which are 
40 descended from host cells into which nucleic acid was introduced, may 

be cultured under suitable conditions, e.g. in a fermenter, taken from 
the culture and subjected to processing to purify the nucleic acid. 
Following purification, the nucleic acid or one or more fragments 
thereof may be used as desired, for instance in a diagnostic or 
prognostic assay as discussed elsewhere herein. 
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Production of BRCA ? Polypeptides 


The skilled person can use the techniques described herein and ethers 
well known m the art to produce large amounts of the BRCA2 
oolvteptide. or fragments or active portions thereof, for use as 
pharmaceuticals , m the developments of drugs and for furt.ner study 
into its properties and role m vivo. Experimental work confirming the 
production of BRCA2 polypeptide ts set out m example 3 below 

Thus, a further aspect of the present invention provides a polypeptide 
which has the ammo acid sequence shown in figures 3. 5 or 7 , which may- 
be m isolated and/or purified form, free or substantially free of 
material with which lb is naturally associated, such as other 
polypepcides or such as human polypeptides ocher than BRCA2 poiypept^de 
or (for example if produced by expression in a prokaryotic cell) 
lacking m native glycosylation, e.g. unglycosylated. 


Polypeptides which are amino acid sequence variants, alleles or 
derivatives are also provided by the present invention. A polypeptide 
which is a variant, allele, or derivative may have an amino acid 
sequence which differs from that given in figures 3, 5 or 7 by one or 
more of addition, substitution, deletion and insertion of one or more 
ammo acids. Preferred such polypeptides have BRCA2 function, that is 
to say have one or more of the following properties: immunological 
cross -reactivity with an antiboo, reactive the polypeptide for which 
the sequence is given in figures 3, 5 or 7 ; sharing an epitope with the 
polypeptide for which the amino acid sequence is shown in figures 3, S 
or 7 (as determined for example by immunological cross-reactivity 
between the two polypeptides. 


A polypeptide which is an amino acid sequence variant, or allele, 
derivative of the amino acid sequence shown in figures 3, S, or 7 may 
comprise an amino acid sequence which shares greater than about 35* 
sequence identity with the sequence shown, greater than about 40* , 
greater than about 50*. greater than about 60*. greater chan aoout 7 0 *. 
greater than about 80*, greater than about 90* or greater than about 
95*. The sequence may share greater than about 60* similarity, greater 
than about 70* similarity, greater than about 80* similarity or greater 
than about 90* similarity with the amino acid sequence shown in any one 
of figures 3, 5 or 7. Particular amino acid sequence variants may 
differ from those shown in figures 3, 5 or 7 by insertion, addition, 
substitution or deletion of 1 amino acid, 2, 3, 4, 5-10, 10-20 20-30. 
3 0-50, 50-100, 100-150, or more chan 150 ammo acids. 



By way of example, mutation variants representative 


of preferred 
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embodiments of the present invention are shown in table 1. Screening 
for the presence of one or xre of these m a test sample has a 
diagnostic and/or prognostic use, for instance in determining cancer 
susceptibility, as discussed below. 

The present invention also includes active portions, fragments, 
derivatives and functional mimetics of the BRCA2 polypeptides of the 
invention . 

I! An “active portion" of 3RCA2 polypeptide means a peptide which is less 

than said full length BRCA2 polypeptide, but which retains its 
essential biological activity. 

A “fragment " of the BRCA2 polypeptide means a stretch of amino acid 
15 residues of at least about five to seven contiguous amino acids, often 

at least about seven to nine contiguous amino acids, typically at least 
about nine to 13 contiguous ammo acids and, most preferably, at least 
about 20 to 30 or more contiguous amino acids . Fragments of the BRCA2 
polypeptide sequence antigenic determinants or epitopes useful for 
20 raising antibodies to a portion of the BRCA2 amino acid sequence . 

A “derivative" of the BRCA2 polypeptide or a fragment thereof means a 
polypeptide modified by varying the amino acid sequence of the protein, 
e.g. by manipulation of the nucleic acid encoding the protein or by 
25 altering the protein itself. Such derivatives of the natural amino 

acid sequence may involve insertion, addition, deletion or substitution 
of one or more amino acids, without fundamentally altering the 
essential activity of the wild type BRCA2 polypeptide. 

30 “Functional mimetic" means a substance which may not contain an active 

portion of the BRCA2 amino acid sequence, and probably is not a peptide 
at all. but which retains the essential biological activity of natural 
BRCA2 polypeptide. The design and screening of candidate mimetics is 
described in detail below. 

35 

A polypeptide according to the present invention may be isolated and/or 
purified (e.g. using an antibody) for instance after production by 
expression from encoding nucleic acid (for which see below). 
Polypeptides according to the present invention may also be generated 
40 wholly or partly by chemical synthesis. The isolated and/or purified 

polypeptide may be used in formulation of a composition, which may 
include at least one additional component, for example a pharmaceutical 
composition including a pharmaceutically acceptable excipient, vehicle 
or carrier. A composition including a polypeptide according to the 
invention may be used in prophylactic and/or therapeutic treatment as 
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discussed below. 


A polypeptide , peptide fragment, allele, or variant according to the 
-resent invention nay oe used as an immunogen or otherwise m obtaining 
specific antibodies. Antibodies are useful in purification and other 
manipulation of polypeptides and peptides, diagnostic screening and 
therapeutic contexts. This is discussed further below. 


A polypeptide according to the present invention may be used m 
screening for molecules which affect or modulate its activity or 
function. Such molecules may be useful in a therapeutic 'pcss*bly 
including prophylactic) context. 

Production of 3RCA2 Antibodies 

A further important use of the BRCA2 polypeptides is in raising 
antibodies that have the property of specifically binding to the BRCA2 
polypeptides, or fragments or active portions thereof. 

The production of monoclonal antibodies is well established in the ar^. 
Monoclonal antibodies can be subjected to the techniques of recombinant 
DNA technology to produce other antibodies or chimeric molecules which 
retain the specificity of the original antibody. Such techniques may 
involve introducing DNA encoding the iircminoglobulin variable region, or 
the complementarity determining regions (CDRs) , of an antibody to the 
constant regions, or constant regions plus framework regions, of a 
different irrmunoglobulm. See, for instance, EP-A-184187, GB-A-2188S38 
or EP -A- 239400. A hybndoma producing a monoclonal antibody may be 
subject to genetic mutation or other changes, which may or may not 
30 alter the binding specificity of antibodies produced. 

The provision of the novel BRCA2 polypeptides enables for the first 
time the production of antibodies able to bind it specifically. 
Accordingly, a further aspect of the present invention provides an 
33 antibody able to bind specifically to the polypeptide whose sequence is 

given in figures 3, 5 or 7. Such an antibody may be specific in the 

sense of being able to distinguish between the polypeptide it is able 
to bind and other human polypeptides for which it has no or 
substantially no binding affinity (e.g. a binding affinity of about 
43 1300x worse) . Specific antibodies bind an epitope on the molecule 

which is either not present or is not accessible on other molecules. 
Antibodies according to the present invention may be specific for the 
wild- type polypeptide. Antibodies according to the invention may be 
specific for a particular variant, allele or derivative polypeptide as 
between that molecule and the wild- type BRCA2 polypeptide, so as to be 
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useful m diagnostic and prognostic methods as discussed below 
Antibodies are also useful in purifying the polypeptide or polypeptides 
to which they bind, e.g. following production by recombinant expression 
from encoding nucleic acid. 

Preferred antibodies according to the invention are isolated, m the 
sense of being free from contaminants such as antibodies able to bind 
other polypeptides and/or free of serum components. Monoclonal 
antibodies are preferred for some purposes, though polyclonal 
antibodies are within the scope of the present invention. 

Antibodies may be obtained using techniques which are standard m the 
art. Methods of producing antibodies include immunising a mammal (e.g. 
mouse, rat, rabbit, horse, goat, sheep or monkey) with the protein or 
a fragment thereof. Antibodies may be obtained from immunised animals 
using any of a variety of techniques known in the art, and screened, 
preferably using binding of antibody to antigen of interest. For 

instance, western blotting techniques or immunoprecipitation may be 
used (Armitage et al , Nature, 357:80-02, 1992). Isolation of 

antibodies and/or antibody-producing cells from an animal may be 

accompanied by a step of sacrificing the animal. 

As an alternative or supplement to immunising a mammal with a peptide, 
an antibody specific for a protein may be obtained from a recombinant ly 
produced library of expressed immunoglobulin variable domains, e.g. 
using lambda bacteriophage or filamentous bacteriophage which display 
functional immunoglobulin binding domains on their surfaces; for 

instance see WO92/01047. The library may be naive, that is constructed 

from sequences obtained from an organism which has not been immunised 
with any of the proteins (or fragments) , or may be one constructed 
using sequences obtained from an organism which has been exposed to the 
antigen of interest. 

Antibodies according to the present invention may be modified in a 
35 number of ways. Indeed the term "antibody" should be construed as 

covering any binding substance having a binding domain with the 
required specificity. Thus the invention covers antibody fragments, 
derivatives, functional equivalents and homclogues of antibodies, 
including synthetic molecules and molecules whose shape mimics that of 
4 C an antibody enabling it to bind an antigen or epitope. 

Example antibody fragments, capable of binding an antigen or other 
binding partner are the Fab fragment consisting of the VL, VH, Cl and 
CHl domains; the Fd fragment consisting of the VH and CHI domains; the 
■5 5 Fv fragment consisting of the VL and VH domains of a single arm of an 



ar.tibcdy ; Che dAb fragment which consists of a 7H domain; isolated C2R 
regions and F:ab')2 fragments, a bivalent fragrr.er.t including two Fab 
fragments linked by a disulphide bridge at the hinge region. Single 
chain Fv fragments are also included. 

Humanised antibodies in which CERs from a non-human source are grafted 
onto human framework regions, typically with the alteration of some of 
the framework ammo acid residues, to provide antibodies which are -ess 
immunogenic than the parent non-human antibodies, are also included 
. : within the present invention. 

A hybndoma producing a monoclonal antibody according to whe present 
invention may be subject to genetic mutation or other changes. It will 
further be understood by those skilled m the art that a monoclonal 
.5 antibody can be subjected to the techniques of recombinant ENA 

technology to produce other antibodies or chimeric molecules which 
retain the specificity of the original antibody. Such techniques may 
involve introducing DNA encoding the inxirunoglobulin variable region, or 
the complementarity determining regions (CDRs) , of an antibody to the 
13 constant regions, or constant regions plus framework regions, of a 

different immunoglobulin. See, for instance, EP-A-1841S7, GB-A-21B8638 

or EP-A-0239400 . Cloning and expression of chimeric antibodies are 
described in EP-A-0120694 and EP-A-0125023 . 

2 5 Hybndomas capable of producing antibody with desired binding 

characteristics are within the scope of the present invention, as are 
host cells, eukaryotic or prokaryotic, containing nucleic acid encoding 
antibodies (including antibody fragments) and capable of their 
expression. The invention also provides methods of production of the 
3 c antibodies including growing a cell capable of producing the antibody 

under conditions in which the antibody is produced, and preferably 
secreted . 

The reactivities of antibodies on a sample may be determined by any 
35 appropriate means. Tagging with individual reporter molecules is one 

possibility. The reporter molecules may directly or indirectly 
generate detectable, and preferably measurable, signals. The linkage 
of reporter molecules may be directly or indirectly, covalently, e.g. 
via a peptide bond or non-covalently . Linkage via a peptide bond may 
40 be as a result of recombinant expression of a gene fusion encoding 

antibody and reporter molecule. 

One favoured mode is by covalent linkage of each antibody with an 
individual f luorochrome , phosphor or laser dye with spectrally isolated 
4 5 absorption or emission characterise ics . Suitable f luorochromes include 



fluorescein, rhodamme, phyccerythr m ar.d Texas Red. 
chromogenic dyes include diammobenzidme . 


ocher reporters include macromolecular colloidal particles or 
particulate material such as latex beads that are coloured, magnetic or 
paramagnetic, and biologically or chemically active agents that can 
directly or indirectly cause detectable signals to oe visually 
observed, electronically detected or otherwise recorded. These 
molecules may be enzymes which catalyse reactions that develop or 
change colours or cause changes in electrical properties, for example. 
They may be molecularly excitable, such that electronic transitions 
between energy states result in characteristic spectral absorptions or 
emissions. They may include chemical entities used in conjunction with 
biosensors. Biotm/avidin or biotin/streptavidin and alkaline 
phosphatase detection systems may be employed. 


The mode of determining binding is not a feature of the present 
invention and those skilled in the art are able to choose a suitable 
mode according to their preference and general knowledge. 

Antibodies according to the present invention may be used in screening 
for the presence of a polypeptide, for example in a test sample 
containing cells or cell lysate as discussed, and may be used m 
purifying and/or isolating a polypeptide according to the present 
invention, for instance following production of the polypeptide by 
expression from encoding nucleic acid therefor. Antibodies may 
modulate the activity of the polypeptide to which they bind and so, if 
that polypeptide has a deleterious effect in an individual, may be 
useful in a therapeutic context (which may include prophylaxis) . 

An antibody may be provided in a kit. which may include instructions 
for use of the antibody, e.g. in determining the presence of a 
particular substance in a test sample . One or more other reagents may 
be included, such as labelling molecules, buffer solutions, elutants 
and so on. Reagents may be provided within containers which protect 
them from the external environment, such as a sealed via*. 


A number of methods are known in the art for analysing biological 
samples from individuals to determine whether the individual carries a 
BRCA2 allele predisposing them to cancer, especially breast cancer 
(female or male) or ovarian cancer. The purpose of such analysis may 
be used for diagnosis or prognosis, and serve to detect the presence of 
an existing cancer, to help identify the type of cancer, to assist a 
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physician m determining the severity or likely course of the cancer 
and/or to optimise treatment of it. Alternatively, the methods can be 
used to detect 3RCA2 alleles that are statistically associated with a 
susceptibility to cancer in the future, e.g. early onset breast cancer, 

' dent if vine individuals who would benefit from regular screening to 
provide early diagnosis of cancer. Examples of methods of screening 
for BRCA2 mutations are set cut in example 5 below. 

Broadly, the methods divide into those screening for the presence of 
BRCA2 nucleic acid sequences or alleles or variants thereof, and those 
that rely on detecting the presence or absence of the BRCA2 
polypeptide. The methods make use of biological samples from 
individuals that are suspected of contain the nucleic acid sequences or 
polypeptide. Examples of biological samples include blood, plasma, 
serum, tissue samples, tumour samples, saliva and urine. 

Exemplary approaches for detecting BRCA2 nucleic acid or polypeptides 
include : 

(a) comparing the sequence of nucleic acid in the sample with the 
BRCA2 nucleic acid sequence to determine whether the sample from the 
patient contains mutations; or, 

(b) determining the presence in a sample from a patient of the 
polypeptide encoded by the BRCA2 gene and, if present, determining 
whether the polypeptide is full length, and/or is mutated, and/or is 

expressed at the normal level; or, 

(c) using DNA fingerprinting to compare the restriction pattern 
produced when a restriction enzyme cuts a sample of nucleic acid from 
the patient with the restriction pattern obtained from normal BRCA2 
gene or from known mutations thereof; or, 

(d) using a specific binding member capable of binding to a BRCA2 
nucleic acid sequence (either a normal sequence or a known mutated 
sequence) , the specific binding member comprising nucleic acid 
hybndisable with the BRCA2 sequence, or substances comprising an 
antibody domain with specificity for a native or mutated BRCA2 nucleic 
acid sequence or the polypeptide encoded by it, the specific binding 
member being labelled so that binding of the specific binding member to 

its binding partner is detectable; or, 

(e) using PCR involving one or more primers based on norma ± or 
mutated BRCA2 gene sequence to screen for normal or mutant BRCA2 gene 
m a sample from a patient. 

A ''specific binding pair" comprises a specific binding member (sbm) and 
a binding partner (bp) which have a particular specificity for each 
other and which in normal conditions bind to each other in preference 
to other molecules. Examples of specific binding pairs are antigens 


and antibodies , molecules ar.d receptors and complementary nucleotide 
sequences. The skilled person will be able to think of many other 
examples and they do not need to be listed here. Further, the term 
"specific binding pair" is also applicable where either or both of the 
specific binding member and the binding partner comprise a part of a 
larger molecule. In embodiments m which the specific binding pair are 
nucleic acid sequences, they will be cf a length to hybridise to each 
other under the conditions of the assay, preferably greater than *0 
nucleotides long, more preferably greater than 15 or 20 nucleotides 

long . 

in most embodiments for screening for BRCA2 susceptibility alleles, the 
SRCA2 nucleic acid in the sample will initially be amplified, e g 
using PCR, to increase the amount of the analyte as compared to other 
sequences present in the sample. This allows the target sequences to 
be detected with a high degree of sensitivity if they are present m 
the sample. This initial step may be avoided by using highly sensitive 
arra y techniques that are becoming increasingly important in the art 

The identification of the BRCA2 gene and its association with cancer 
paves the way for aspects of the present invention to provide the use 
of materials and methods, such as are disclosed and discussed above, 
for establishing the presence or absence in a test sample of an variant 
form of the gene, in particular an allele or variant specifically 
associated with cancer, especially breast and ovarian cancer. This may 
be for diagnosing a predisposition of an individual to cancer. It may 
be for diagnosing cancer of a patient with the disease as being 
associated with the gene. 

This allows for planning of appropriate therapeutic and/or prophylactic 
treatment, permitting stream- lining of treatment by targeting those 
most likely to benefit. 

A variant form of the gene may contain one or more insertions, 
deletions, substitutions and/or additions of one or more nucleotides 
compared with the wild- type sequence (such as shown in table 1) which 
may or may not disrupt the gene function. Differences at the nucleic 
acid level are not necessarily reflected by a difference in the ammo 
acid sequence of the encoded polypeptide. However, a mutation or other 
difference in a gene may result in a frame-shift or stop codon, which 
could seriously affect the nature of the polypeptide produced (if any) , 
or a point mutation or gross mutational change to the encoded 
polypeptide, including insertion, deletion, substitution and/or 
addition of one or more amino acids or regions in the polypeptide. A 
mutation in a promoter sequence or other regulatory region may prevent 



r reduce expression from the gene 
:abilitv of ode mRNA transcript. 
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There are various methods for determining the presence or absence in a 
test sample of a particular nucleic acid sequence, such as the sequence 
shown m figures 1, 2, 4 or 7 or a variant or allele thereof. 

Tests may be carried out on preparations containing genomic SNA, cDNA 
and/or mRNA . Testing cDNA or mRNA has the advantage of the complexity 
of the nucleic acid being reduced by the absence of intron sequences, 
but the possible disadvantage of extra time and effort being required 
in making the preparations. RNA is more difficult to manipulate than 
2NA because of the wide-spread occurrence of RN'ases. 

Nucleic acid m a test sample may be sequenced and the sequence 
compared with the sequence shown in figures 1, 2, 4 or 7 , to determine 
whether or not a difference is present. If so, the difference can be 
compared with known susceptibility alleles (e.g. as summarised m table 
1) to determine whether the test nucleic acid contains one or more of 
the variations indicated, or the difference can be investigated for 
association with cancer. 

Since it will not generally be time- or labour-efficient to sequence 
all nucleic acid in a test sample or even the whole BRCA2 gene, a 
specific amplification reaction such as PCR using one or more pairs o. 
primers may be employed to amplify the region of interest in tne 
nucleic acid, for instance the BRCA2 gene or a particular region m 
which mutations associated with cancer susceptibility occur. Exemplary 
primers for this purpose are shown in figure 8. The amplified nucleic 
acid may then be sequenced as above, and/or tested in any other way to 
determine the presence or absence of a particular feature. Nucleic 
acid for testing may be prepared from nucleic acid removed from cel.s 
or in a library using a variety of other techniques such as restriction 
enzyme digest and electrophoresis. 

Nucleic acid may be screened using a variant- or allele - speci f ic probe. 
Such a probe corresponds in sequence to a region of the BRCA2 gene, or 
its complement, containing a sequence alteration known to be associated 
with cancer susceptibility. Under suitably stringent conditions, 
specific hybridisation of such a probe to test nuclei c acid is 
indicative of the presence of the sequence alteration in the test 
nucleic acid. For efficient screening purposes, more than one probe 
may be used on the same test sample. 

Allele- or variant-specific oligonucleotides may similarly be used m 


PCS CO specifically amplify particular sequences if present m a test 
sample Assessment of whether a PCR oand contains a gene variant may be 
carried out m a number of ways familiar to chose skilled m the art 
The PCR product may for instance be treated m a way chat enables or.e 
to display the mutation or polymorphism on a denaturing polyacrylamide 
OKA sequencing gel, with specific bands that are linked to the gene 
variants being selected. 


An alternative or supplement to looking for the presence of variant 
sequences in a test sample is to look for the presence of the normal 
sequence , e.g. using a suitably specific oligonucleotide probe or 

primer . 

Use of oligonucleotide probes and primers has been discussed in more 
detail above. 

Approaches which rely on hybridisation between a probe and test nucleic 
acid and subsequent detection of a mismatch may be employed. Under 
appropriate conditions (temperature, pH etc.), an oligonucleotide probe 
will hybridise with a sequence which is not entirely complementary. 
The degree of base-pairing between the two molecules will be sufficient 
for them to anneal despite a mis-match. Various approaches are well 
known in the art for detecting the presence of a mis-match between two 
annealing nucleic acid molecules. 

For instance, RM’ase A cleaves at the site of a mis-match. Cleavage 
can be detected by electrophoresing test nucleic acid to which the 
relevant probe or probe has annealed and looking for smaller molecules 
(i.e. molecules with higher electrophoretic mobility) than the ful* 
length probe/test hybrid. Other approaches rely on the use of enrymes 
such as resolvases or endonucleases . 

Thus, an oligonucleotide probe that has the sequence of a region of the 
normal BRCA2 gene (either sense or anti-sense strand) m which 
mutations associated with cancer susceptibility are known oc- 

(e.g. see table 1) may be annealed to test nucleic acid and the 
presence or absence of a mis-match determined. Detection of the 
presence of a mis-match may indicate the presence in the test nucxeic 
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The presence of differences in sequence of nucleic acid molecules may 
be detected by means of restriction enzyme digestion, such as m a 
5 method of IN A fingerprinting where the restriction pattern produced 

when one or more restriction enzymes are used to cut a sample of 
nucleic acid is compared with the pattern obtained when a sample 
containing the normal gene or a variant or allele is digested with the 
same enzyme or enzymes. 

The presence of absence of a lesion in a promoter or other regulatory 
sequence may also be assessed by determining the level of mRSk 
production by transcription or the level of polypeptide production by 
translation from the mRNA. 

A test sample of nucleic acid may be provided for example by extracting 
nucleic acid from cells, e.g. in saliva or preferably blood, or for 
pre-natal testing from the amnion, placenta or foetus itself. 

2 C There are various methods for determining the presence or absence in a 

test sample of a particular polypeptide, such as the polypeptide with 
the amino acid sequence shown in figure 3, 5 or 7 or an amino acid 

sequence variant or allele thereof. 

25 A sample may be tested for the presence of a binding partner for a 

specific binding member such as an antibody (or mixture of antibodies) , 
specific for one or more particular variants of the polypeptide shown 
in figures 3, 5 or 7 . 

3D A sample may be tested for the presence of a binding partner for a 

specific binding member such as an antibody (or mixture of antibodies) , 
specific for the polypeptide shown in figures 3, 5 or 7 . 

In such cases, the sample may be tested by being contacted with a 

33 specific binding member such as an antibody under appropriate 

conditions for specific binding, before binding is determined, for 
instance using a reporter system as discussed. Where a panel of 

antibodies is used, different reporting labels -nay be employed for each 
antibody so that binding of each can be determined. 

A specific binding member such as an antibody may be used to isolate 
and/or purify its binding partner polypeptide from a test sample, to 
allow for sequence and/or biochemical analysis of the polypeptide to 
determine whether it has the sequence and/or properties of the 

; 5 polypeptide whose sequence is shown in figures 3, 5 or 7, or if it is 


a mutant or variant form. Ammo acid sequence is routine m me ca- 
using automated sequencing machines. 

There is also an. increasing tendency in the diagnostic field towards 
miniaturisation of such assays, e.g. making use of binding agents (such 
as antibodies or nucleic acid sequences! lirmobi 1 ised m small, discrete 
locations (microspots) and/or as arrays on solid supports or on 
diagnostic chips. These approaches can be particularly valuable as 
they can provide great sensitivity (particularly through the use of 
f luorescently labelled reagents), require only very small amounts of 
biological sample from individuals being tested and allow a variety of 
separate assays can be carried out simultaneously. This latter 
advantage can be useful as it provides an assay for different mutations 
m -he BRCA2 gene or another cancer susceptibility gene (such as BRCAl , 
see EP-A-70S902) to be carried out using a single sample. Examples of 
techniques enabling this miniaturised technology are provided in 
WO84/01031, WO88/10S8, W089/011S7, W093/8472, W09S/18376/ W095/18377, 

wo 95/24649 and EP-A- 0373203 . Thus, in a further aspect, the present 
invention provides a kit comprising a support or diagnostic chip naving 
immobilised thereon one or more binding agents capable of specifically 
binding BRCA2 nucleic acid or polypeptides, optionally in combination 
with other reagents (such as labelled developing reagents) needed to 
carrying out an assay. 


Pharmaceutica l « Peptide Therapist? 

The BRCA2 polypeptides, antibodies, peptides and nucleic acid of the 
invention can be formulated in pharmaceutical compositions. These 
compositions may comprise, in addition to one of the above substances, 
a pharmaceutically acceptable excipient, carrier, buffer, stabiliser or 
other materials well known to those skilled in the art. Such materials 
should be non-toxic and should not interfere with the efficacy of the 
active ingredient. The precise nature of the carrier or other material 
may depend on the route of administration, e.g. oral, intravenous, 
cutaneous or subcutaneous, nasal, intramuscular, intrapentoneal 
routes . 

Pharmaceutical compositions for oral administration may be in tablet, 
capsule, powder or liquid form. A tablet may include a solid carrier 
such as gelatin or an adjuvant. Liquid pharmaceutical compositions 
generally include a liquid carrier such as water, petroleum, animal or 
vegetable oils, mineral oil or synthetic oil. Physiological saline 
solution, dextrose or other saccharide solution or glycols suc.n as 


ethylene glycol, propylene 
included . 


L yethylene glycol 


30 


For intravenous, cutaneous or subcutaneous ir.;ection, or in;ection at 
the site of affliction, the active ingredient will be m the fort of a 
parer.teraily acceptable aqueous solution which is pyrogen- free ar.d nas 
suitable pH, isotonicity and stability. Those of relevant skill in the 
art are well able to prepare suitable solutions using, for example, 
isotonic vehicles such as sodium chloride injection. Ringer's 
infection. lactated Ringer's injection. Preservatives , stabilisers, 
buffers, antioxidants and/or other additives may be included, as 
required . 

Whether it is a polypeptide, antibody, peptide, nucleic acid molecule, 
small molecule or other pharmaceutically useful compound according to 
the present invention that is to be given to an individual, 
administration is preferably in a "prophylactically effective amount" 
or a "therapeutically effective amount” (as the case may be, although 
prophylaxis may be considered therapy), this being sufficient to show 
benefit to the individual. The actual amount administered, and rate 
and time-course of administration, will depend on the nature and 
severity of what is being treated. Prescription of treatment, e.g. 
decisions on dosage etc, is within the responsibility of general 
practitioners and other medical doctors, and typically takes account of 
the disorder to be treated, the condition of the individual patient, 
the site of delivery, the method of administration and other factors 
known to practitioners. Examples of the techniques and protocols 
mentioned above can be found in Remington's Pharmaceutical Sciences, 
16 th edition, Osol, A. (ed) . 1980. 


Alternatively, targeting therapies may be used to deliver the active 
agent more specifically co certain types of cell, by the use of 
targeting systems such as antibody or cell specific ligands. ;a.geting 
may be desirable for a variety of reasons; for example if the agent is 
unacceptably toxic, or if it would otherwise require too high a dosage, 
or if it would not otherwise be able to enter the target cells. 

Instead of administering these agents directly, they could be produced 
m the target cells by expression from an encoding gene introduced into 
the cells, eg in a viral vector (a variant of the VDEPT technique 
see below) . The vector could be targeted to the specific cells to be 
treated, or it could contain regulatory elements which are switched on 
more or less selectively by the target cells. 


Alternatively, the agent could be administered in a precursor form, for 
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conversion to the arrive form by an activating agent produced in, or 
targeted to, the cells to be treated. This type of approach is 
sometimes known as AEEPT or VDEPT; the former involving targeting the 
activating agent to the cells by cor.]ugation to a cell - specif ic 
antibody, while the latter involves producing the activating agent, eg 
an enzyme, in a vector by expression from encoding 3NA m a viral 
vector (see for example, EP-A-415731 and WO90/07936). 

A composition may be administered alone or in combination with ether 
treatments, either simultaneously or sequentially dependent upon the 
condition to be treated. 

Methods o f Sene Therapy 

As a further alternative, the nucleic acid encoded the authentic 
biologically active BRCA2 polypeptide could be used in a method of gene 
therapy, to treat a patient who is unable to synthesize the active 
polypeptide or unable to synthesize it at the normal level, thereby 
providing the effect provided by wild-type BRCA2 and suppressing the 
occurrence of cancer and/or reduce the size or extent of existing 
cancer in the target cells. 

Vectors such as viral vectors have been used in the prior art to 
introduce genes into a wide variety of different target cells. 
Typically the vectors are exposed to the target cells so that 
transfection can take place in a sufficient proportion of the cells to 
provide a useful therapeutic or prophylactic effect from the expression 
of the desired polypeptide. The transfected nucleic acid may be 
permanently incorporated into the genome of each of the targeted tumour 
cells, providing long lasting effect, or alternatively the treatment 
may have to be repeated periodically. 

A variety of vectors, both viral vectors and plasmid vectors, are known 
in the art, see US Patent No. S,2S2,479 and WO93/07282. In particular, 
a number of viruses have been used as gene transfer vectors, including 
papovaviruses, such as SV40. vaccinia virus, herpesviruses, including 
HSV and EBV, and retroviruses. Many gene therapy protocols in the 
prior art have used disabled murine retroviruses. 

As an alternative to the use of viral vectors other Icnown methods of 
introducing nucleic acid into cells includes electroporation, calcium 
phosphate co-precipitation, mechanical techniques such as 
microin] ection, transfer mediated by liposomes and direct DNA uptake 
and receptor -mediated DNA transfer. 
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As mentioned above, the aim of gene therapy using nucleic acid encoding 
the BRCA2 polypeptide, or an active portion thereof, is to increase me 


amount of the expression product of the nucleic acid m cells in which 
the level of the wild- type 3RCA2 polypeptide is absent or present only 
at reduced levels. Such treatment may be therapeutic m the treatment 
of cells which are already cancerous or prophylactic m the treatment 
c f individuals Known through screening to have a 3RCA2 susceptibility 
allele and hence a predisposition to cancer. 

3ene transfer techniques which selectively target the BRCA2 nuclei c 
acid to breast and/or ovarian tissues are preferred. Examples of this 
included receptor-mediated gene transfer, in which the nucleic acid is 
linked to a protein ligand via polylysine, with the ligand being 
specific for a receptor present on the surface of the target cells. 

Antisense technology based on the BRCA2 nucleic acid sequences is 
discussed above. 

Methods of Scree ning for Drugs 

A polypeptide according to the present invention may be used m 
screening for molecules which affect or modulate its activity 
function. Such molecules may be useful in a therapeutic (possibly 
including prophylactic) context. 

It is well known that pharmaceutical research leading to the 
identification of a new drug may involve the screening of very large 
numbers of candidate substances, both before and even after a lead 
compound has been found. This is one factor which makes pharmaceutical 
research very expensive and time-consuming. Means for assisting in the 
screening process can have considerable commercial importance and 
utility. Such means for screening for substances potentially useful m 
treating or preventing cancer is provided by polypeptides according to 
the present invention. Substances identified as modulators of the 
polypeptide represent an advance in the fight against cancer since they 
provide basis for design and investigation of therapeutics for in vivo 


or present 


A method of screening for a substance which modulates activity of a 
polypeptide may include contacting one or more test substances with the 
polypeptide in a suitable reaction medium, testing the activity of the 
treated polypeptide and comparing that activity with the activity of 
the polypeptide in comparable reaction medium untreated with the test 
substance or substances. A difference m activity between the treated 
and untreated polypeptides is indicative of a modulating effect of the 


relevant test substance cr substances. 


lombmatona-. 


library technology provides an efficient way of testing 
vast r.uirber of different substances for ability to 


a potentially vast turner or airrerenc — ' 

modulate activity of a polypeptide. Such libraries and their use are 
known m the art. The use of peptide libraries is preferred. 

Pr-or to or as well as being screened for modulation of activity, test 
substances may be screened for ability to interact with the 
polypeptide, e.g. m a yeast two-hybrid system (which requires that 
both the polypeptide and the test substance can be expressed in yeast 
from encoding nucleic acid) . This may be used as a coarse screen prior 
to testing a substance for actual ability to modulate activity of the 
polypeptide. Alternatively, the screen could be used to screen test 
substances for binding to a BRCA2 specific binding partner, to find 
mimetics of the BRCA2 polypeptide, e.g. for testing as cancer 
therapeutics . 

Following identification of a substance which modulates or affects 
polypeptide activity, the substance may be investigated further. 
Furthermore, it may be manufactured and/or used in preparation, i.e. 
manufacture or formulation, of a composition such as a medicament, 
pharmaceutical composition or drug. These may be administered to 
individuals . 

Thus, the present invention extends in various aspects not only to a 
substance identified using a nucleic acid molecule as a modulator of 
polypeptide activity, in accordance with what is disclosed herein, but 
also a pharmaceutical composition, medicament, drug or other 
composition comprising such a substance, a method comprising 
administration of such a composition to a patient, e.g. for treatment 
(which may include preventative treatment) of cancer, use of such a 
substance in manufacture of a composition for administration, e.g. for 
treatment of cancer, and a method of making a pharmaceutical 
composition comprising admixing such a substance with 
pharmaceutically acceptable excipient, vehicle or carrier. and 
optionally other ingredients. 

A substance identified using as a modulator of polypeptide function may 
be peptide or non-peptide in nature. Non-peptide "small molecules" are 
often preferred for many in vivo pharmaceutical uses. Accordingly, a 
mimetic or mimic of the substance (particularly if a peptide) may be 
designed for pharmaceutical use. 

The designing of mimetics to a known pharmaceutically active compound 


1S a known approach to Che development of pharmaceuticals cased on a 
-ead" compound. This might be desirable where the active compound is 
difficult or expensive to synthesise or where it is unsuitable for a 
particular method of administration, eg. peptides are ur.su. -ac-e 
active agents for oral compositions as they tend to be quickly degraded 
by proteases in the alimentary canal. Mimetic design, synthesis and 
testing is generally used to avoid randomly screening large numner of 
molecules for a target property. 

There are several steps commonly taken in the design of a mimetic from 
a compound having a given target property. Firstly, the particular 
Parts of the compound that are critical and/or important in determining 
the target property are determined. In the case of a peptide, this «... 
be done by systematically varying the amino acid residues in t..e 
pept'de eg by substituting each residue in turn. Alanine scans cf 
peptide are commonly used to refine such peptide motifs. These parts 
or residues constituting the active region of the compound are known as 
its "pharmacophore" . 

Once the pharmacophore has been found, its structure is modelled to 
according its physical properties, eg stereochemistry, bonding, size 
and/or charge, using data from a range of sources, e.g. spectroscopic 
techniques, X-ray diffraction data and NMR. Computational analysis, 
similarity mapping (which models the charge and/or volume of a 
pharmacophore, rather than the bonding between atoms) and other 
techniques can be used in this modelling process. 

in a variant of this approach, the three-dimensional structure of the 
ligand and its binding partner are modelled. This can be especially 
useful where the ligand and/or binding partner change conformation on 
binding, allowing the model to take account of this in the design o 

the mimetic. 

A template molecule is then selected onto which chemical groups which 
mimic the pharmacophore can be grafted. The template molecule and the 
chemical groups grafted on to it can conveniently be selected so that 
the mimetic is easy to synthesise, is likely to be pharmacologically 
acceptable, and does not degrade in vivo, while retaining - e 
biological activity of the lead compound. Alternatively, where the 
mimetic is peptide based, further stability can be achieved by 
cyclismg the peptide, increasing its rigidity. The mimetic 
mimetics found by this approach can then be screened to see whether 
they have the target property, or to what extent they exhibit it. 
Further optimisation or modification can then be carried out to 
at one or more final mimetics for in vivo or clinical testing. 
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The present invention also provides the use of all or part of the 
nucleic acid sequence of the BRCA2 promoter region shown in figure 6 m 
methods of screening for substances which modulate the activity of the 
promoter and increase or decrease the level of BRCA2 expression. 

-promoter activity" is used to refer to ability to initiate 
transcription . The level of promoter activity is quantifiable .or 
instance by assessment of the amount of mRNA produced by transcription 
from the promoter or by assessment of the amount of protein product 
produced by translation of mRNA produced by transcription from tne 
promoter. The amount of a specific mRNA present in an expression 
system may be determined for example using specific oligonucleotides 
which are able to hybridise with the mRNA and which are labelled or may 
be used in a specific amplification reaction such as the polymerase 
chain reaction. Use of a reporter gene facilitates determination o. 
promoter activity by reference to protein production. 

Further provided by the present invention is a nucleic acid construct 
comprising a BRCA2 promoter region set out in figure 6 or a fragment, 
mutant, allele, derivative or variant thereof able to promoter 
transcription, operably linked to a heterologous gene, e.g. a coding 
sequence. A -heterologous" or -exogenous" gene is generally not a 
modified form of BRCA2 Generally, the gene may be transcribed into 
mRNA which may be translated into a peptide or polypeptide product 
which may be detected and preferably quantitated following expression. 

A gene whose encoded product may be assayed following expression is 
termed a -reporter gene", i.e. a gene which -reports" on promoter 

activity. 

The reporter gene preferably encodes an enzyme which catalyses a 
reaction which produces a detectable signal, preferably a visuaUy 
detectable signal, such as a coloured product. Many examples are 
known, including 3-galactosidase and luciferase. 0-galactos- ase 
activity may be assayed by production of blue colour on substrate, the 
assay being by eye or by use of a spectrophotometer to measure 
absorbance. Fluorescence, for example that produced as a result of 
luciferase activity, may be quantitated using a spectrophotometer^ 
Radioactive assays may be used, for instance using chloramphemoo 
aoetyltransf erase, which may also be used in non- radioactive assays. 
The presence and/or amount of gene product resulting from expression 
from the reporter gene may be determined using a molecule able 
the product, such as an antibody or fragment thereof. The bin ing 
molecule may be labelled directly or indirectly using any stan ar- 


tecnnicrue . 


Those skilled in the art are well aware of a multitude of possible 
reporter genes ar.d assay techniques which may be used to determine gene 
ac'ivitv. Any suitable reporter/assay may be used and it should be 
acpreciated chat no particular choice is essential to or a limitation 
of the present invention. 

Nucleic acid constructs comprising a promoter (as disclosed herein! and 
a heterologous gene (reporter) may be employed in screening for a 
substance able to modulate activity of the promoter. For therapeutic 
purposes, e.g. for treatment of cancer a substance able to up-regulate 
expression of the promoter directing the expression of normal may be 
sought. Alternatively, substances to down- regulate the promoter may 
help to prevent or inhibit the production of mutated BRCA2 polypeptide, 
if this is an agent implicated in the development of cancer. A method 
of screening for ability of a substance to modulate activity of a 
promoter may comprise contacting an expression system, such as a host 
cell, containing a nucleic acid construct as herein disclosed with a 
test or candidate substance and determining expression of the 
heterologous gene. 

The level of expression m the presence of the test substance may be 
compared with the level of expression in the absence of the test 
substance. A difference in expression in the presence of the test 
substance indicates ability of the substance to modulate gene 
expression. An increase in expression of the heterologous gene 
compared with expression of another gene not linked to a promoter as 
disclosed herein indicates specificity of the substance for modulation 
of the promoter. 

A promoter construct may be introduced into a cell line using any 
technique previously described to produce a stable cell line containing 
the reporter construct integrated into the genome. The cells may be 
grown and incubated with test compounds for varying times. The ce.-s 
may be grown in 96 well plates to facilitate the analysis of large 
numbers of compounds. The cells may then be washed and the reporter 
gene expression analysed. For some reporters, such as lucif erase the 
cells will be lysed then analysed. 

Following identification of a substance which modulates or affects 
promoter activity, the substance may be investigated further. 
Furthermore, it may be manufactured and/or used in preparation, i.e. 
manufacture or formulation, of a composition such as a medicament, 
pharmaceutical composition or drug. These may be administered to 


3 6 

individuals . 

Con? 1 ? Animal Model s for_ BRCA3 Deficiency 

5 The construction of animal models for BRCA2 deficiency can be earned 

cut using standard techniques for introducing mutations into, nr 
example , a mouse germ -line. In one example of this approach, a vector 
carrying an insertional mutation within exon 11 of the mouse BRCA2 gene 
is transfected into embryonic stem cells. Clones m which the mutant 
13 version of the gene has replaced with wild type are identified by 

Southern blot hybridisation. The clones are then amplified and cells 
are injected into mouse blastocyst stage embryos. Mice in which the 
injected cells have contributed to the development of the mouse are 
identified by Southern blotting. These chimeric mice are then bred to 
35 produce mice which carry one copy of the mutation in the germ line. 

These heterozygous mutant animals are then bred to produce mice 
carrying mutations in the BRCA2 gene homozygously . The mice having a 
heterozygous mutation in BRCA2 may be a suitable model for human 
individuals having one copy of the gene mutated m the germ line who 
2C are at high risk of developing breast cancer. 

Example 1 Identification of the BRCA2 Qgne 

Following Che definition of Che interval D13S209-D13S267 in which Che 
25 BRCA2 gene is believed Co be located (Wooster et al (1994)) , -he 

following sec of procedures were used identify Che gene itself. A 
yeast artificial chromosome (YAC) contig was constructed of YACs 
believed to be in the region from the CEPH database. Chimensm of YACs 
was examined using fluorescent in situ hybridisation. Overlaps between 
30 YACs were established by amplification of sequence tagged sites (STS) . 

hybridisation of STS PCR products and alu-PCR fingerprinting. 

Using probes localised to and derived from the YAC contig, a Pi 
artificial chromosome (PAC) library was screened and positive PACs 
25 isolated. PACs were rehybridised to the PAC library to fill in gaps 

between clones. A PAC contig over a 1 megabase region was then 
assembled . 

Overlaps between PACs were identified by: 

43 (a) amplification of STS; 

(b) hybridisation of end probes produced by linear PCR; 

(c) HindIII/Sau3A fingerprinting. 

Additional polymorphic markers from the region were identified by 
screening M13 libraries constructed from PACs, with oligonucleotides 
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containing repetitive sequences that are commonly polymorphic '3Tr.. 
GAn, CAGr.. GAT An . GAATr.) • Using new writers, Che region m which BRCAl 
is likely to oe located was narrowed further. 

Transcripts from the region were identified by use of PAC DNAs in. 

(al exon trapping experiments using a lambda GET vector; 

!b ) hybrid selection between PAC genomic DNA ar.d cDNA libraries 

Exons and cDNA fragments identified by these methods were sequenced. 

Using primers synthesised from these sequences as probes. ISkb genomic 
subclones of the PACs that carry all or part of the cDNAs and exons 
were identified. These were sequenced from the cDNA sequence out into 
adjacent flanking genomic sequences. 

Using oligonucleotide primers synthesised on the basis of these 
flanking genomic sequences, genomic DNA fragments containing the 
potential transcript were amplified and screened for mutations throug 
the following DNA samples; DNAs from 46 families that show evidence of 
linkage to BRCA2 and/or show evidence against linkage to BRCAl an 
do not have BRCAl mutations and/or do have evidence of male breast 
cancer. Also screened were cancer cell lines that are homozygous for 
all polymorphic markers through the BRCA2 region; DNAs from 12 primary 
human tumour DNAs that show evidence of loss of heterozygosity in the 

BRCA2 region. 

s.^.nc, variants ..r. d.tast.d »y rannrn, “p 

products through: 

(a, non denaturing polyacrylamide gels, at room temperature and a. 


t w. < 

denaturing polyacrylamide gels . 


Fragments that showed altered mobility were reamplified using the PCR 
and directly sequenced. Sequences were run on an ABI 3 7 
sequencer . 

in the course of this work, several sequence variants were detected, 
most of which are believed to be non disease associated polymorphisms. 
However, an abnormality detected m one fragment was predicted to 
destroy a splice site and create a termination codon in a family Chat 
shows strong linkage to BRCA2 . The variant segregates with the disease 
chromosome. This is precisely the type of abnormality that would e 
expected within a cancer susceptibility gene and made this fragment a 
strong candidate for part of the BRCA2 gene. 


- h , s £ ragm.ent was then used 'a) as a probe m screening of =DNA 
‘- bra . ies ;b) starting sequence for ?CR amplification experiments from 
-EVAs and cENA libraries. Positive clones and amplification fragments 


were sequence 1 


i. These results are shewn in the figures l and 


- he mtial isolation of this part of exon 16 of the 3RCA2 gene, 
a' variety of conventional techniques were then used to isolate the 
remaining portions of the BRCA2 sequence. The MO.SOObp sequence 
released on the Internet (the Sanger sequence) assisted m this 
Procedure. Fiqure 4 shows around 75* of the cDN’A sequence isolated by 
the inventors, while the complete BRCA2 gene sequence, including t..e 
exon/ intron structure, is shown m figure 7. .he p.onoter regio 
-he gene is set out in figure 6. These sequences could be downloaded 
from the ftp web sites to a local computer. The sequences can then be 
analysed using programs such as BLAST, PASTA, GRAIL or GeneFinder to 
identify putative coding regions. Oligos can then be designed to these 
predicted coding regions and these would be used in RT-PCR to confirm 
or refute the coding regions. The coding regions would also be 
compared with the experimental results obtained from the procedures set 

out herein. 

Thus, given Knowledge of a part of the BRCA2 sequence and its 
orientation within the Sanger sequence, the skilled person could 
readily isolate the rest of the sequence using a conventional exon 
prediction program to localise potential exons/open reading frames in 
the same orientation as the known portion of the BRCA2 sequence, and 
then do exon connection in which potential exons are used to design 
primers that sit in putative coding sequence. The primers could be 
designed in such a way as to have a primer based on known BRCA2 
sequence and an unknown primer, such that when these are used to prime 
from cENA. a product contiguous with known sequence would be produced 
if the unknown primer is a part of the BRCA2 gene. This process could 
be continued in an iterative manner, readily allowing the skil.ed 
person to walk through the Sanger sequence to obtain the full BRCA2 
sequence, obtaining the intron, 'exon boundaries as part of the 
procedure. In the case of BRCA2 , a large portion of the coding 
sequence (about Skb) is in exon 11, part of which is included in the 
10* of the sequence disclosed in figures 1 and 2 . 

By way of reference, the techniques described above and others useful 
in the isolation of genes by positional cloning are reviewed in Monaco, 
Curr. Opinion Gen. Devel . , 4:360-365, 1994 and summarised in EP-A- 

0705902 . 

By way of further assistance, a protocol for the isolation of the full 


length sequence and the polypeptide encoded by the 3RCA2 gene fro, the 
sequence shown, m figures 1. 2 and 4 is set out below, and could be 
used iteratively to isolate successive portions of the BRCA2 gene 


Screening cDNA libraries by hybridisation. 

P-sently identified cDNA fragments can be 3: P labelled and hybridised 
to various widely available plated or gndded cDNA libraries. Positive 
clones can then be isolated, and subject to replating and 
rehybridisation if necessary until a pure clone has been isolated. DNA 
can then be n*de from pure clones and will be sequenced by conventions. 
Sanger dideoxy sequencing on a ABI 377 DNA sequencer. 

Screening cDHA libraries by PCR amplification. 

Oligonucleotides based on setpiences within the BRCA2 sequences 
disclosed herein can be used in conjunction with oligonucleotides 
designed to prime from the cloning vector in PCR amplifications of 
aliquots of widely available cDNA libraries. This will allow 
amplification of fragments of the BRCA2 cDNA positioned between the 
currently known fragment and the cloning insertion site. Produc.s o 
the PCR amplification can then be sequenced using Sanger dideoxy 
sequencing on an ABI 377 sequencer. 

Rapid amplification of cDNA. ends (RACE) . 

Primary cDNAs synthesised from a nun^er of different tissue RNAs can be 
ligated to an oligonucleotide linker. After purification, PCR 
amplifications can be performed using an oligonucleotide that primes 
from the current BRCA2 cDNA sequence and a second oligonucleotide that 
primes from the linker. Amplification products will be directly 
sequenced using Sanger dideoxy sequencing. RACE is described in (6) . 

The new sequences can then be integrated into the full sequence of the 
gene by detection of overlaps with previously known components of the 

sequence . 

The screening of cDNA or genomic libraries with selected probes can be 
conducted using standard procedures, for instance as described m 
Ausubel ec al and Sambrook et al (supra) . 

These techniques allow the full coding sequence to be isolated based on 
the information disclosed in figures 1. 2 and 4 The full length 

sequence is defined as the sequence between a translation initiation 
codon (ATG) and a translation termination codon (TAA, TAG, TGA) between 
which there is an open reading frame. This in turn can be used to 

define the intron-exon structure of the gene. Primers can then be 

designed to flank each exon so that the whole coding sequence of the 
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gene can be amplified from genomic DNA, see for example the primers 
disclosed ir. figure 8 or in Nature 3er.et.es. 12.3 33 - 337, 1996 

Further fragments of coding sequence were then amplified from genomic 
3NA m the previously described mutation testing set in order to detect 
additional disease associated mutations in the BRCA2 gene. 


Fvamnle 2 Mutations in the BRCA2 Qene 
identification of Six Mutati ons in the BRg^ Ge ng 

In a first study, the inventors found a series of mutations in the 
BRCA2 sequence by comparing the native sequence with sequences obtained 
from families with a history of multiple cases of early onset breast 
cancer. The locations of these mutations in the amino acid sequence 
are shown by boxing the residues in the native sequence which are 
affected (see figure 5) . The mutations to the BRCA2 gene are 
summarised in table 3, which shows the families in the left hand column 
against mutations in the BRCA2 gene in the right hand column. The 
remaining columns in cable 3 from left to right are as follows: 


Number of FBCs 


Number of female breast cancers m the 
family . 


Number of FBCs<50 


Number of female breast cancers 
occurring in individuals under 50 years 
of age . 


Number of OvCs 


Number of ovarian cancers in the family. 


Number of MBCs 


Number of male breast cancers . 


The columns referring to LOD scores at BRCA1 and BRCA2 show the chance 
that the incidence of the cancers in a family is linked to the BRCA1 or 
BRCA2 genes, with a more positive value indicating a greater chance of 
linkage. Thus, for example, a LOD score of *3 indicates a strong 
linkage between the incidence of cancer and the given gene in that 
family . 

To identify BRCA2 , genomic DNA fragments of less than 300bp containing 
putative coding sequences were screened for mutacions. At least one 
affected member of 46 breast cancer families was examined Each family 
included in this set either shows evidence of linkage to BRCA2 , and/or 
shows evidence of breast cancer. The majority, but probably not all, 
of these families would be expected to be due to BRCA2 mutations. 
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Disease 


associated nutations in most known cancer susceptibility genes 
usually result in truncation of the encoded protein and inactivation of 
critical functions . In the course of the mutational screen of 
candidate coding sequences from the BRCA2 region, the first detected 
sequence variant that was predicted to disrupt translation of an 
encoded protein was observed in IARC 2932. This family is clearly 
linked to BRCA2 with a multipoint LOD score of 3.01 using D13S263 and 
ZS13S267. A six base pair deletion removes the last five bases of the 
exon examined (exon S66) , deletes the conserved G of the 5' splice site 
of the intron, and directly converts the codon TTT for phenylaianine to 
the termination codon TAA. By sequencing this mutation has been 
detected in lymphocyte DNA from two other early onset breast cancer 
cases in this family. The individuals examined share only the disease- 
associated haplotype . The mutation is absent in more than 500 
chromosomes from normal individuals or in the remaining families and 
cancers. This finding therefore identified the candidate gene which 
was proved by the work described herein to be the BRCA2 gene. 

To characterise the BRCA2 gene further, exon S66 was used to isolate a 
series of cDNA clones which represented segments of the BRCA2 
candidate. From alignment of the cDNA and genomic sequence data, the 
candidate BRCA2 gene was found to lie in three sequence contigs which 
also contained other previously isolated transcribed sequences. The 
exon and open reading frame prediction program Genemark was used to 
define putative additional S' exons of the gene. Contiguity of the 
transcription unit was confirmed by RT-PCR on cDNA and sequence 
analysis. The availability of extensive sequence information at the 
cDNA and genomic level allowed mutational analysis of further coding 
regions of the putative BRCA2 gene in samples from breast cancer 
families . 

A TG deletion <6819delTG) and a TT (S503delTT) deletion were detected 
in families CRC B196 and CRC B211 respectively (tables 1 and 2) . In 
both families the mutation has been detected by sequencing other 
individuals with early onset breast cancer who share only the haplotype 
of I3q micrcsatellite markers that segregates with the disease. 

Therefore, the mutations are on the disease associated chromosomes. A 
CT deletion was detected in family IARC 3594. This mutation has arisen 
within a short repetitive sequence (CTCTCT) , a feature that is 
characteristic of deletion/insertion mutations in many genes and which 
is presumed to be due to slippage during DNA synthesis. Finally, a T 
deletion (6174delT) and an AAAC deletion have been found in Montreal 
681 and 440 respectively. Both these families include a male breast 
cancer case and previous analyses have indicated that the la.ge 
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, a]orlCy of such families will have BRCA2 stations. All these 

3 rp oredict ed to generate frame shifts leading to premature 

mutations are preaic- y „ 

-e^i^ation codons. None of the mutations have been -ound i~ 

chromosomes from over 500 healthy women and are therefore unlixe.y to 

polymorphisms . The identification of several different germane 

~ u -a’" ’ ors -hat truncate the encoded protein in breast cancer -amides 

that are highly lively to be due to BRCA2 strongly suggests that we 

< a rpca 2 aene In particular, the 6l74de^T mutation 

have identified the BRw_A2 gene. P . e 

from Ashkenazi Jewish family data is reproduoed x» other familie 
examined and so may be useful in screening individual -or 
susceptibility to cancer, especially male or female breast cancer 

ovarian cancer . 

Northern analysis has demonstrated that BRCA2 is en=o< led by a 
transcript of 10-l2kb which is present m normal breast epithel 
cells, placenta, and the breast cancer cell line MCF7 . This suggests 
-ha- our present contig of cDNAs covering approximately 9kb Ime-u ing 
1 6kb of 3' untranslated sequence) may not include the whole 3R_A- 
codmg se^ence. The known seance of 2329 amino acids encoded jsy t e 
BRCA2 gene does not show strong homology to sequences m the publi-^ 
available DNA or protein databases. The homology and motifs of BRCA. 

found in an analysis of the corresponding genes in other speC16S 

J c However some weak matches were detec. ea 

described in example 6. However, sy 

including, intriguingly. . u.ry *i»U*rity » «■« »“ ‘ , 

„v.n , r.gi.n («*~ .old. !»<-»’* i» B.CAl .nd HSLISSI 

in the portion of BRCA2 shown in figure 5) . 


identification of 


Mutatipna in the BRCA2 Gene 


Patient material 

Families were identified which contained a minimum o- -t*.er -hree 
cases of breast cancer and for which DNA samples were available - 
least one affected individual. Complete or partial analysis of th 
BRCA1 gene identified those families with disease associated genuine 
mutations. The remaining families were analysed throughou - 
complete BRCA2 coding sequence for germline mutations, which are sho^. 
in table 1 against the incidences of breast cancer - n - ul _ ' 

onset breast cancer, and ovarian cancer. Borderline ovarian can was 

not included. Confirmation of diagnosis was available from 
reports or death certificates. 

Mutation analysis of BRCA2 in ovarian cancer families 
Seventy seven families with two or more first degree relatives 
epithelial ovarian cancer were analysed for BRCA2 mutations. Mutation 
screening was performed using a combination of the protein trunc 


test 


ani 


nor. -radioactive single-strand conformation 

aral vs is -'heteroduplex analysis (SSCA/HA). PTT was performed from 

genomic ENA for exon 11 in all cases and for the entire coding reg.on 
n ch ose individuals m which RNA derived from lymphoblastoid cei. 
-, nes was available to perform reverse- transcriptase PCR . Primers were 
designed to PCR amplify exor. 11 or the complete coding sequence m 
overlapping fragments ranging m size from -0 -o 1.3kb. 

pmm was performed using the TNT rabbit reticulocyte lysate system 
( prcmega) incorporating J5 S methionine (Amersham) for protein detect on^ 
Protein products were electrophoresed on 12-15, SDS polyacrylamide gel. 
at 3 0 - 6 0mA for 12-16 hours. SDS-PAGE gels were .xe in 

methanol/lOV glacial acetic acid, dried and exposed to Kodak X-Omat 
film f or 16-72 hours. The approximate location of the sequence 
alteration resulting in truncated protein variants was localised an 
the region sequenced to confirm the precise nucleotide Ration. 
SSCA/HA was performed on genomic DNA for coding exons 2-10 and 12-2 
-he 5' and 3' splice boundaries for exon 11 were also analysed. SSCA 
and HA variant conformed were sequenced as previously described (3) m 
order to characterise the precise nucleotide change. The ability to 
detect mutations identified by PTT using SSCA/HA was detectable using 
SSCA/HA on fragments ranging in size from 300-600bp. All primer 
sequences designed for PTT and SSCA/HA are available on request (e-mai. 

sg200@cam. ac .uk) . 

Mutation analysis of BRCA2 in breast cancer families 
Statistical methods 

we tested for an association between mutation location and diseas 
phenotype using a permutation argument similar to that used by Gayt er 
et al (12). Test statistics were based on standard chi-squared 
statistics for the difference in the rate of ovarian cancers, as a 
proportion of all ovarian and breast cancers, confirmed by position, 
in the main analysis, the statistic X was calculated assuming an 
alternative hypothesis in which different rates applied for mutations 
in three different regions, i.e. before codon ni-n2 and after r.2 (i.e. 
a 2 degree of freedom chi - squared) . The three putative missense 
mutations were ignored in this analysis as their significance is 
unclear. The statistic X was maximised over all possible values of tne 
outpoints nl and n2 giving the statistic Xm. The significance of this 
maximised chl-squared was then computed empirically by calculating t e 
value of Xm in 50,000 datasets in which the 26 mutations were randomly 
permuted among the families. We also computed a statistic to test for 
a trend in the ratio of ovarian : breast cancer risk along the gene, 
based on a chi-scared test for trend, as in (12) which was not 


significant . 


squared statistic 


:n an attempt to confirm the association using other data .ram 
previously publisned reports, we computed the chi-squared statistic 
two degrees of freedom) using data from five studies : 9 , 10 , 15 - 1’ ' , 
with the outpoints nl and n2 fixed at the best values for the VK 
dataset. The significance of this result was tnen based on permuting 
the mutations among families as before. 


BRCA2 probably accounts for the majority of high risk families not 
accounted for by BRCA1 . The identification of BRCA2 should, therefore 
allow more comprehensive evaluation of families at high risk of 
developing breast cancer. However, the role of environmental, 
lifestyle or genetic factors in modifying the risks of cancer in ger.e 
carriers is unknown and further studies will be required before routine 
diagnosis of carrier status can be considered. 

Although, many of the mutations described in these examples are not is 
common to the BRCA2 genes of different families, these mutations may 
nevertheless prove to be a useful in methods of diagnosing or detecting 
a predisposition to cancer, especially breast cancer. In addition, or. 
further routine analysis of a larger sample of families, it may emerge 
that a given mutation is common to a significant portion of cancer 
cases and so might form the basis of a simple diagnostic test. Even if 
this is not the case, knowing the location of the mutations may help to 
reduce the amount of sequencing work that would be needed in carrying 
out a test on a patient, eg. by sequencing all or part of their BRCA2 
gene, thereby to determine a predisposition or susceptibility to 
cancer. Further applications and uses of the mutations are set out in 
the general section above. 

Germline mutations of BRCA2 are predicted to cause approximately 35V of 
families with multiple case, early onset female breast cancer, and they 
are also associated with an increased risk of male breast cancer, 
ovarian cancer, prostrate cancer and pancreatic cancer (5,9,10). 
Germline mutations of a second cancer susceptibility gene BRCA1 (3), 
are associated with a strong predisposition to ovarian cancer as well 
as female breast cancer (11). Recent studies have suggested that the 
phenotype in BRCA1 families with respect to the ratio of breast to 
ovarian cancer varies with the location of the BRCA1 mutation (12,13) . 
To determine whether germline mutations in BRCA2 are associated with a 
similar variation in phenotypic risk, we have analysed the distribution 
of mutations of families with multiple cases of breast and/or ovarian 


cancer ascertained ir. the United Kingdom and Eire. The majority c£ 
these mutations lead to premature truncation of BRCA2 as a result of 
frameshift deletions, insertions, nonsense mutations or spiice site 
alterations. Analysis cf the mutation distribution along the .ength of 
,kj' g ene indicates a significant genotype-phenotype correlation. 
Truncating mutations m families with the highest risk of ovarian 
cancer relative to breast cancer are clustered in a region cf 
approximately 3.3kb m exon 11 (p.0.0005) . Published data on mutations 
m 45 Other BRCA2 linked families provide support for this correlation. 

Families were ascertained on the basis of either three or more cases of 
breast cancer or two or more first degree relatives with epithelial 
ovarian cancer diagnosed at any age. Mutations of the BRCA1 gene were 
then identified and genomic DNA of a single affected individual from 
each of the remaining families was used to screen for mutations 
throughout the coding sequence of BRCA2 using a combination of single- 
strand conformation polymorphism (SSCP) and protein truncation (PTT) 
assays. The BRCA 2 coding sequence consists of 10,248 nucleotides 
encoded by 26 exons (15). The majority of exons are relatively small 
although exons 10 and 11 represent approximately 60% of the entire 
coding region. The mutations found are set out in tables 1 and 2.. 
The mutation spectrum consisted of 22 frameshift deletions or 
insertions, 3 nonsense mutations and one splice site alteration. These 
mutations are all predicted to result in premature truncation of the 
predicted BRCA2 peptide. Three novel putative missense mutations were 
also detected. Mutations were distributed throughout the gene and only 
one additional mutation, 6S03delTT, was found to be recurrent. 

BRCA2 mutation data from families ascertained outside the UK derived 
from previous reports and unpublished data from our own laboratories 
provide support for this clustering. BRCA2 mutations have been 
identified in 45 such families (9,10,15-17). The 17 families with 
mutations in the OCCR are reported to contain 11 ovarian and 45 breast 
cancer cases compared to 22 ovarian and 282 breast cancer cases in the 
remaining families (odds ratio 22.9; permutation test for differences 
p.0.007) . Consistent with this, there are three large BRCA2 families 
where reasonably systematic evidence on cancer risks are available, 
namely UTAH 107 (15). CRC 106 and the Icelandic family (10). Mutations 
in all three families are located near the 5' or 3' end of the gene and 
appear to be associated with a high lifetime risk of breast cancer, 
with mutations in the OCCR being associated with a higher ovarian 
cancer risk than average, or a lower breast cancer risk, or both. In 
this regard, future data on the 6174delT mutation will be particularly 
important. This mutation, which lies in the OCCR. is common m 
Ashkenazi Jews and direct population based estimates of its prevalence 


in breas , and cvanar. cancer patients should be possible. 

. he observed genotype-phenotype correlation is somewhat surprising 
;, var -hat. unlike in BROU, a region in the centre of the gene appears 
?; be associated with a distinct risk. There are precedents in cancer 
s- sceptibility genes, for example the adenomatous polyposis con ger.e^ 
Ire regions of mutation clustering within the gene are associated 
wl . h predisposition to a specific phenotype (18,19). We do not ye. 
kn ; w why truncating mutations in a central portion of the BROU gene 
should result in increased risk to ovarian cancer No - egl ° r ‘* e ^ 
functional homology between BRCA2 and other genes have een i en ' * 

k senes of eight internal ammo acid repeats have recently 
observed in exon 11 but these have little homology to other -own genes 
t20 ) It is perhaps interesting that all eight repeats are contained 
within the OCCR. That the mutations cluster in a single exon suggest 
an explanation based on alternative splicing. Complete or partial 
splicing of exon 11 may produce alternatively spliced forms with - e 
TbiUty to -rescue- mutations in breast but not ovarian epithelium^ 
Our results suggest that they may be interesting differences in 
structure or function of BRCA2 between breast or ovarian epithelium. 

Evamnle 3 session of BFCA2 Polypeptide 

Construction of Full-Uength cDNA Clones for Human BRCA2 
The approximately XO.Skb cDNA coding for human BRCA2 was assembled -r 
fragments of cDNA amplified by PCR and from cloned genomic DMA. All 
residue numbers are from Genbank accession number U43746 

The S' end of the cDNA (residues 204-2357) was amplified by PCR from 
cDNA made from RNA from MCF7 cells using the primers-. 

CATTGGAGGAATATCGTAGG (bases 204-223) and 
GACAGAGAATCAGCTTCTGG (bases 2338-23S7) . 

This 2 . Ikb fragment was cloned into pBlue.cript and the sequence 
determined . 

This Plasmid (P12302, was then digested with Asp713 which > cuts in the 
plasmid polylinker and partially with BamHI which cuts as bases 238 
792. The double -stranded oligonucleotide: 

GTACCGCCGCCATGGAACAGAAGATTTCCGAAGAAGATCTGCCTATTG 

GCGGCGGTACCTTGTCTTCTAAAGGCTTCTTCTAGACGGATAACCTAG 

„„ ligated into the pLsmd and recoetoinanta tarrying the oligo 


15 


25 


3C 


iigaced „ w. pU-H “ ““ 


is plasmi; 


wh 


was digested with Ndel which 
the poly linker of the plasmid. 


cuts at bp 1*79S and Smal 
This was ligated in a 
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■h^ch cuts in the polyiinxer -- * 

,;;. e . wav Ration to a ?CR product (1795-2280', which had been digested 
Mde: and BstVl and residues 2280-557: as a BstVl -Bs iHKAl ^agment^ 
-he latter fragment consists of exon 11 of the 3RCA2 gene an 
isolated from a plasmid carrying genomic DMA. This generated p.asm.d 

pl2672 . 

The 3' end of the BRCA2 cDMA was generated by RT-PCR with primers: 
AAAAGTAACGAACATTCAGACCA (bases 6277-6299) and 

ATTGTCGCCTTTGCAAATGC (bases 10,486-10,505) on cDMA from MCF7 cells. 

This fragment was subcloned into pBluescript to generate plasmid 
pl266 1 . Subsequently this fragment was ampli xe 1 

primer IGTACTCCAGAACATTTAATATCC bases 6325-6344) and the T3 primer 
bluescnpt . 

This fragment digested with Bspl201 was then ligated into SnaBI-Notl 
cut pl2672 to generate the full-length clone pl2806. 

This plasmid was subsequently modified to include a FLAG epitope as 
follows. P12806 was digested with Asp718 and Sail and then liga ed to 
P BlueBac2B digested with the same enzymes. This generate P 
pi 3013 . This was digested with SacI and Bglll and ligate to a * 
coding for a consensus Kozak sequence and a Flag epitope as 
below : 

CGGGTACCAGATCTGCCGCCACCATGGATTACAAGGACGACGATGACAAG 

TCGAGCCCATGGTCTAGACGGCGGTGGTACCTAATGTTCCTGC7GCTACTGTTCCTAG 

This full-length BRCA2 cDMA was ligated into expression vector^ In 
particular a ««.!«. o< «h. «.=tor pK7SM ... u.ad «-» 

=,rri« an ~Jot l.t. pra.otar tod SV.O nt>9-n - 

replication . 

Expression of BRCA2 in Hawaiian Cells 

The full-length 3RCA2 expression vector was transfected into 
using standard techniques. The expression of the protein was monito ed 
by Western blotting immunoprecipitation and immunofluorescence, 
demonstrated that the BRCA2 protein could be detected as an 
approximately 400kD protein similar in size to that predict y 

sequence of the cDMA. Under these conditions, in this cell-type, 
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protein had a complex subceliular localisation being -ocated m either 
a memor ane * 1 i ke compartment (most t r o b a o - y tne endoplasmic rst-cu^uT., 
cr m the nucleus or m both (see figures 1*. to - 3 ) . 

5 Interaction of BRCA2 With Other Proteins 

This can be assessed using a yeast two-hybrid system to clone proteins 
which interact with BRCA2 . As this procedure is potentially 
complicated by the size of the BRCA2 ORF, the ORF may be divided up 
into 5-10 fragments and screened separately. These fragments will be 
i: used as 'bait' both episomally and as integrants into the yeast genome 

and used to screen peptide libraries such as those derived from HeLa 
cells , human fetal brain and a new library derived from normal human 
breast. Clones confirmed as interacting in the two hybrid system will 
assayed for interaction both in vivo and in vitro. Bacterially 
15 expressed GEX- fusion proteins will be tested for direct interaction m 

vitro. Epitope- tagged versions of BRCA2 and the potential interacting 
proteins will be co-microinj ected into cell lines and their sub- 
cellular location determined by immunofluorescence to establish co- 
iocalization . Co- transfection and cross- immunoprecipitat ion could be 
2C used to establish that the two proteins interact in vivo. In addition 

to identifying novel BRCA2 interacting proteins, the above approaches 
may be used to ascertain whether BRCA2 can dimerise or interact 
directly with BRCA1 . 

2 5 The nature of BRCA2 interacting proteins can also be directly 

determined by biochemical fractionation followed by mass spectroscopy. 
Immunoprecipitat ion of 35 S-labelled extracts followed by SDS-gel 
electrophoresis can be used produce molecular weight estimates of these 
proteins . These would be further analysed by analytical 2D gel 
30 electrophoresis followed by MALDI-TOF mass- spectroscopy and peptide 

mass-mapping (23) . This technique allows the certain identification of 
proteins whose sequences are present m the databases and assignment of 
likely family members (>80% identity) . 

35 Biological Function of BRCA2 

An experiment can be performed to test whether BRCA2 expression can 
block the growth of breast and ovarian cancer cell lines specifically. 
Ideally such experiments make use of breast tumour cells that do not 
express BRCA2 , which can readily be identified by screening existing 
4C breast cancer cell lines for absence of BRCA2 expression. 

Alternatively, cell lines could be established from patients shown to 
lack wild type BRCA2 . It is also possible that over-expression of 
BRCA2 in cancer cells that still express will also suppress growth. 
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BRCA2 cDNAs can suitably be expressed under the control retroviral LTR 


I p BAB E ; cr elongation factor let promoters ' the pEFBos series - 
Plasmids can be co- transfected with drug resistance markers and the 
numoer of colonies that grow out compared to vector controls, 
surviving colonies can be expanded and tested for tumourgenecity by 
5 infection into nude mice. In instances where the inhibitory action of 

one orotems cannot be detected in the relatively long term colony 
growth assay as the transfected plasmids do not stably express, 
micro m] ect ion of BRCA2 expression constructs can be used whereby the 
injected cells are detected by immuno cytochemistry of the exogenous 
protein cr by co- injection of a marker plasmid (21). In addition, 
time - lapse video recording, as described above, could be used to 
determine whether any growth inhibition effect is cell autonomous, i.e. 
whether the effect is paracrine or autocrine. These systems will also 
be useful for detecting any apoptotic effect. 

Example 5 Methods for Detecting BRCA2 Mutations 

Migration shift assays to detect BRCA2 mutations. 

23 DNA amplification in the PCR. 

25ng of genomic DNA from each individual to be screened for mutations 
is amplified in 35 cycles of the PCR using the pertinent 
oligonucleotide primers (see primer list) . Prior to incorporation into 
the PCR, both oligonucleotide primers are end radiolabelled with gamma 
2 5 32 P using T4 polynucleotide kinase. Following amplification in the PCR, 

f ormamide loading dye is added to each sample and the sample denatured 
at 9 4 °C for 3 minutes. Following denaturation the sample is placed 
immediately on ice. 

33 DNA fragment sizing. 

2^1 of each sample is loaded immediately onto a well formed by a 40 
slot sharks' tooth comb in conventional 0.4mm thick denaturing 6\ 
polyacrylamide gel. The sample is electrophoresed through the gel for 
2-5 hours at 90 Watts at room temperature. 

35 

SSCP heteroduplex analysis 

SSCP is a PCR based assay for screening DNA fragments for sequence 
variants/mutations. It involves amplifying radiolabelled 100-300 bp 
fragments of the BRCA2 gene, diluting these products and denaturing at 
• j 950 C. The fragments are quick-cooled on ice so that the DNA remains in 

single stranded form. These single stranded fragments of BRCA2 are run 
through acrylamide based gels. Differences in the sequence composition 
will cause the single stranded molecules to adopt difference 
conformations in this gel matrix making their mobility different from 
45 wild type fragments, thus allowing detecting of mutations in the 


fragments being analysed relative to a control fragment upon exposure 
of the gel to X-ray film. 

These fragments with altered mobility Conformations are directly 
: excised from the gel and directly sequenced for the mutation. Following 

denaturaticn the sample is cooled on ice for 13 minutes to allow the 
heteroduplex to form. Each sample is electrcphcresed through two 
different types of gel. 

i: A typical set of conditions for SSCP analysis are as follows. 3ul are 

electrophoresed overnight at 4 Watts at room temperature through a 6% 
non denaturing polyacrylamide gel containing 10% glycerol. 

3^1 are electrophoresed for four hours at 30 Watts in a 4°C cold room 
15 through a 4.5% non denaturing polyacrylamide acrylamide gel without 

glycerol . 

Following electrophoresis, gels are dried onto Whatman 3MM paper, and 
placed in an autoradiography cassette at room temperature for a period 
23 ranging from two hours to several days. 

Following development of the autoradiograph band shifts in individual 
samples are detected by eye. 

2 5 Sequencing of PCR product. 

Where a band shift is seen in SSCP heteroduplex or DNA fragment sizing 
gels, the fragment concerned is reamplified from the relevant stock 
genomic DNA and directly sequenced. To sequence PCR product, the 

product is precipitated with isopropanol, resuspended and sequenced 
30 using TaqFS* Dye terminator sequencing kit. Extension products are 

electrophoresed on an ABI 377 DNA sequencer and data analysed using 
Sequence Navigator software. 

BRCA2 PTT Assay 

35 PTT is another PCR based screening assay. Fragments of BRCA2 are 

amplified with primers that contain the consensus Kozak initiation 
sequences and a T7 RNA polymerase promoter. These extra sequences are 
incorporated into the 5' primer such that they are in frame with the 
native coding sequence of the fragment being analysed. These PCR 

40 products are introduced into a coupled transcript ion/ translation 

system. This reaction is allows the production of BRCA2 RNA from the 
fragment and translation of this RNA into a BRCA2 protein fragment 
PCR products from controls make a protein product of a wild type size 
relative to the size of the fragment being analysed. If the PCR 

45 product analysed has a frame-shift or nonsense mutation, the assay will 


The size of 


yield a truncated protein product relative to 
the truncated product is related to one posi~- 
the relative region of the BRCA2 gene from this 
identify the truncating mutation 


controls . 
on of the mutation, and 
patient is sequenced to 


The following protocol was adapted for a 3RCA2 FTT assay 
primers are shown m figure 10. 


The 


PTT 


Each PTT primer is preceded by the T7/Kozak sequence 

GGA7CCTAATACGACTCACTATAGGGAGACCACCATG 


15 


2C 


25 


30 


35 
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1 . Thirty five cycle primary PCR reaction in 20ul. 

2. Product confirmation by electrophoresis on 2% agarose gel. 

2 Three pi aliquot amplification with nested PTT prime for 15 

cycles . 

4. Product confirmation by electrophoresis on 2% agarose gel. 

5. in vitro transcript ion/ trans lat ion using Promega (CA) TNT kit, 
incorporating 35 S radiolabelled methionine. 

6. Laemmli buffer reaction stop and denaturation . 

7. Gel electrophoresis of product on 15% acrylamide gel at 16mA. 

8. Fix, amplify and dry gel. 

9. Autoradiographic exposure for 2 hours. 

These approaches can be combined to provide an accurate and effective 
screen, in terms of results achieved, the economical cost and the time 
taken to provide the results. By way of example, a combined protocol 
used by the inventors involves the following: 


1} DNA samples from familial reference cases (probands) are first 
screened via PTT. Exons 10, 11, and the terminal exon 27 are analysed 
using this technique. Exons 10 and 27 are done in 1 fragment, whilst 
the larger exon 11 is done in 2 fragments. If protein truncations are 
seen, the corresponding genomic region is sequenced from the patient to 
identify the exact mutation. This approach is able to screen 
approximately 60% of the coding region in rapid fashion. 

2) Samples negative for the PTT screening are then analysed using 
SSCP. The entire coding region, including those regions already 
examined via PTT, is screened for mutations using SSCP. The coding 
sequence is amplified from genomic DNA using primer sets as described 
in this application. In addition, radiolabelled PCR products generated 
for SSCP analysis are also run on denaturing acrylamide sequencing gews 
which allows for detection of small size changes relative to control 
fragments, indicative of insertions or deletions. Any mutant fragments 
seen are excised directly from the gels and direct sequenced along with 
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the matching genomu 


ZUA fragment to determine the exact mutation 


Examples 
the table 

BRCA2 scr< 

of screening carried out using these methods are set cut m 
below 

»»ni na in breast cancer family probands : 

Family 

Mutation 

No. Female 
Br Ca 

Exon 

Method of 
Detection 

Ml 0 7 

2 810 ins A 

8 

1 1 

S SC? /PTT , 

mutation detected 
on both assays 

M*742 

259 insT 

6 

n 

4 . 

SSCP 

M688 

5 94delCT 

2 (2 Ov) 

11 

PTT 

M3 4 7 

100 3delAG 

3 

9 

SSCP 

D-MBC2 

148 5delT 

5 (1 Mbr) 

10 

PTT 

M26 9 

8 764delAG 

19 

20 

SSCP 

M612 

8 7 6 4delAG 

4 

20 

SSCP 

M13 3 

2 0 34 insA 

11 

10 

SSCP, too close to end 
of exon to be reliably 


up by PTT 


Example 6 Results of Sequen ce Alignment 


Materials and Methods 

Total genomic DNA was obtained for green monkey [Ceropi thecus 
aethiops) , hamster (Cntetulus griseus) , pig (Sus scrofa) , dog (Cams 
familians) , cow, chimpanzee, chicken, snake, zebra fish, X.laevis, 
S.pombe and S . cerevisiae . PCR primers were designed from a consensus 
sequence for the human BRC motif. These included primers that were an 
exact match to the human DNA sequence and degenerate primers based on 
the BRCA2 protein sequence. The sequences were as follows. 

Motif forward set 1: pure primer - AAAGCTGTGAAACTGTT and a degenerate 
set which was an equal mixture of -AA ( AG) GCIIIIAA ( AG) CTITT and 
AA (AG) GCIIIXAA (AG) TT (AG) TT where I is inosine. 

Motif forward set 2: pure primer as for set 1 and a degenerate set made 
with - AA (AG) GCIGTIAA (AG) CTITT and - AA ( AG) GCIGTIAA < AG) TT { AG) TT . 


Motif reverse set: pure primer * TTCCCACTTGCAGTCTGAAA and a mixed set 
of -TICC (GA) CTIGCIGT (CT) TG (GA) AA and - TTICCIGAIGCIGT (CT) TG (GA) AA . 


Further sets of primers were designed to a region of BRCA2 that is 
conserved between human and mouse. These were a pure primer c^ 


AGCAAGCAATTTCAAGG and a degenerate set o. 

TCIAA (AG) CA (AG) TT (TC) GA (AG) GG and - AG (TO AA ( AG) CA ■( AG) T7 'TO GA AG! GG 


The ?CR was pe 


r formed using each forward primer in conjunction 


relevant reverse primer. The reaction ccnuitioas w etc a* u«tuucu 
4 ) except for the cycling conditions of the ?CR. These were 94 1 mix 
X c C for 1 min. 72 C for l mm, where X was 2 65 C for the first two 
cycles and then decreased by 2°C every two cycles until it reached 
either 55, 49. 45, 39 or 35°C, at which point X remained constant. A 

further 30 cycles were performed at the final annealing temperature. 
PCR products were resolved on agarose gels and discrete bands were 
excised and sequenced using a Taq dideoxy termination protocol ! Perkin - 
Elmer) . Sequence products were separated on an ABI377 automated DNA 
sequencer . 

All of the sequencing reactions were performed at least twice and on 
both strands of the template. Species -specif ic PCR primers were 
designed to exon 11 of the BRCA2 gene using the above DNA sequence. 
These were used in conjunction with a set of 52 pairs of PCR primers 
designed to the human BRCA2 gene to amplify and sequence further 
segments of exon 11 from the monkey, dog, pig and hamster. A human 
BRCA2 probe (exon 11) was used to identify a X clone containing a 
portion of the mouse BRCA2 gene. This was used to obtain a mouse - 
specific BRCA2 sequence that was in turn used to design mouse-specific 
PCR primers. These were used to identify positive clones in a mouse 
BAC library. Fragments of positive BACs were cloned, at random, and 
those shown to contain fragments of exon 11 of the BRCA2 gene were 
sequenced . 


editions were as described m 


These were 94~C 1 mix 


Sequencing the BRC motifs 

Two approaches were used to obtain the sequence of BRCA2 exon 11 
(including the BRC motifs) in five mammalian species, using the 
sequence of human BRCA2 was taken from earlier work, see also figure 7. 
The sequence of exon 11 of the mouse BRCA2 gene was obtained from a BAC 
clone isolated by low stringency hybridisation with fragments of the 
human BRCA2 gene. Fragments of BAC were cloned at random and those 
shown to contain fragments of the BRCA2 gene were sequenced. PCR 
primers were then designed to the BRC motifs and to regions that were 
conserved between human and mouse. These were used to amplify 
fragments of the BRCA2 gene in DNAs from 12 species (as described in 
Materials and Methods) . A sequence showing similarity to human BRCA2 
was obtained from green monkey, hamster, pig, dog, cow and chimpanzee. 
The sequences obtained from chicken, snake, zebra fish, Xenopus laevis, 
Schizosaccharomyces pombe and Saccharomyces cerevisiae showed no 
similarity to any BRCA2 sequence. Species - specif ic PCR primers were 
designed for green monkey, hamster, pig and dog. These were used in 


combination with ail of the PCR primer pairs used to amplify human 
BRCA2 exon 11 to amplify further segments of the exon. The process was 
repeated until all of the sequences between and including BRC motifs 
one and eight had been obtained for the green monkey, hamster and dog 
5 Using this approach, it was only possible to obtain the sequence for 

repeats 3-3 for the pig. In total, 46 3RC repeats were sequenced m 
six different mammals (including human j - 

The BRC motif is conserved in mannalian species 

1C The percentage identity of the translation of exon II of the 3RCA2 gene 

(approximately half of the whole coding sequence) between the six 

mammals is shown in Table 1. Overall, the degree of conservation is 
low, with 58% identity between the 1602 residues of the human and 
mouse, 54% identity between mouse or hamster and dog and 49% between 
15 pig and mouse (over 928 amino acids) . Even between closely related 

species such as human and monkey, and mouse and hamster, amino acid 
identity is only 93 and 72% respectively. However, an alignment of the 
sequences from the six mammals studied demonstrates that exon 11 

translations can be aligned along their whole lengths and that the 

20 degree of conservation is variable (figure 9} . There are a number of 

short regions of high identity. Some of these regions coincide with 
BRC motifs, for example BRC1, 2, 3, 4, 7 and 8 (figure 9). There are 
other highly conserved segments, for example amino acids 469-493 (using 
the numbering of the human sequence in figure 9) that show no 
25 similarity to the BRC motifs or anything else reported m the 

databases. None of the latter are repeated within BRCA2 . 

An alignment of all 46 motifs sequenced demonstrates the high degree of 
interspecies and intraspecies conservation between BRC1, 3, 4, 7 and 8. 

33 From this alignment, we have identified a region of 26 ammo acids that 

is conserved in all of the BRC motifs (Fig. 2) which has allowed us to 
generate a BRC consensus sequence. It is possible to align some 
residues outside this common region; however, such alignments are net 
robust, being very sensitive to the parameters used. There are motifs 
35 that contain all of the consensus sequence, for example BRC4 , while 

others, for example BRC6 , show a considerable divergence from the 
consensus. In total, 30/46 of the BRC motifs (65%) have 11 or more of 
the 13 consensus residues while 87% have eight or more of the consensus 
sequence . 

a 

4 v 

The following table shows the percentage identities between the 
translation of exon 11 of the BRCA2 gene from human, monkey, pig* dog, 


hamster and mouse. 


Human 


100 


93 


62 


53 


Monkey 

Dog 

Hamster 


100 


61 

100 


68 

64 


100 


53 


50 

54 


ICC 


49 


54 


Mouse 


Discussion 


20 


The low sequence identities for exon 11 (shown in the table above) 
suggest that BRCA2 is evolving at a faster rate than most other cancer 
susceptibility /tumour suppressor genes. For example, there is 90% 
identity between human and mouse NF1 with 95 and 91% between human and 
mouse WT1 and Rbl respectively. A notable exception, however, is BRCAl 
which only shows 58% ammo acid identity between mouse and human. 
Therefore, although BRCAl and BRCA2 do not show substantial sequence 
similarity, they are similar by virtue of a high rate of evolution, 
unusual gene structure (both have a large exon 11, see (3) and (7) and 
lack of somatic mutations in sporadic cancers. Whether one or more of 
these features relates to a function congruence remains to be 
elucidated . 


Although the identity for the translation of exon 11 of the BRCA2 gene 
25 is low, most of the BRC motifs are highly conserved between the species 

analysed. This suggests that there has been pressure to maintain the 
BRC repeats in BRCA2 and, therefore, that they are important m its 
function. However, from our alignment, BRC6 is much less conserved 
than BRC1, 2, 3, 4, 7 and 8 (31 and 85% identity between human and 
30 mouse BRC6 and BRC7 respectively) . Moreover, it has been altered by 

insertions or deletions such that the length of the motif differs 
between species. BRC3 and BRC 5 also shows less conservation than BRC1. 
2, 3, 4, 7 and 8 (62 and 50% identity respectively between human and 

mouse BRC3 and BRC 5 ) . However, both exhibit a higher level of 
conservation than the exon 11 translation overall . The data suggests 
that multiplication of the motif took place prior to the mammalian 
radiation. For instance, several ammo acid residues within motif 
units (especially in BRC2 ) are different from the equivalent residues 
in other units, but are highly conserved m mammalian species. 
Moreover, the sequences flanking the motifs are not conserved between 
repeats, but in some cases are conserved across species (for example 
BRC1 and 4, figure 9) . 
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The PCR products that we derived from non -mammal iar. ENA did not exhibit 
any similarity to mammalian BRCA2 . This suggests that either BRCA2 is 
restricted to mammals cr that the non-mammal ran orthoiogues of BRCA2 
have diverged to such an extent that they cannot be identified by the 
: techniques that we used. However, there is evidence of a weak 

similarity between the BRC sequence and a Caer.orhabdi zi s elegans gene 
;CETC7E3 2), suggesting that the BRC motif is not restricted to 
mammals . 

1C There are few clues to the function of the BRC sequences. Truncating 

genuine mutations m the BRCA2 gene that predispose to the development 
of breast cancer are located throughout the coding region of the gene. 
In many cases, the mutations leave all the BRC repeats intact, giving 
little information on the relationship between the motifs and their 
15 role in the normal function of BRCA2 . The spacing between individual 

motifs varies from -60 to 300 amino acids, but is reasonably well 
conserved between mammals. Furthermore, there are multiple elements of 
secondary structure within each motif which may indicate that they form 
globular domains. However, it is unclear how these may function. 
20 Therefore, direct investigation will be necessary to elucidate the 

biochemical functions of the BRC motifs. 

Conserved regions such as the BRC motifs identified in exon 11 provide 
valuable indications of domains of the BRCA2 polypeptide that are 
25 likely to be important in determining its activity. Thus, these motifs 

are good candidates for screening studies described above, to find 
mimetics for BRCA2 polypeptide. 

Motifs from exon 11 that are conserved between some or all of the 
30 species examined and depicted in figure 9 and are summarised in table 

4 : 

Table 4 



Start Amino Acid 

End Amino Acid 

Motif 

35 

379 

404 

S FRTAS NKE I KLS EHN I KXS KMF FKD 


594 

619 

GFTSALrGTKLNVSSEALQKAVKLFSD 


806 

QD 

S FQT ASGKNI RVS KES LNKAVNFFDQ 


909 

934 

GFHTASGKKVKIAKESLDKVKNLFDE 


1057 

1082 

AFYTGHS RKTS VS EAS LLEAKKW LRE 

4 0 

1257 

1271 
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1392 

1417 
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d These families also contain one or two male breast cancer cases. HMutation types charactei ised as fiameshitt 
deletions or insertion (FS), nonsense mutations (N) , missense mutations (M) or splice site alterations (SS) 
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d These families also contain one or two male breast cancer cases HMutat ion types character ised 
deletions or insertion (FS), nonsense mutations (N) , missense mutations (M) or splice site alteratic 
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Claims : 


1. A nucleic acid molecule comprising a pare of the BRCA2 gene as set 
cut m figures 1 or 2 , or alleles thereof. 

2 A nucleic acid molecule comprising the full length coding sequence 
or complete 3RCA2 gene as obtainable by: 

(a) using the nucleic acid sequences shown m figures 1 or 2 tc 
construct probes for screening cDNA or genomic libraries, sequencing the 
positive clones obtained, and repeating this process to assemble the full 
length BRCA2 sequence from the sequences thus obtained; 

(b) using the sequences shown in figures 1 or 2 to obtain 
oligonucleotides for priming BRCA2 nucleic acid fragments, these 
oligonucleotides being used in con]unction with oligonucleotides designed 
to prime from a cloning vector, to amplify by PCR nucleic acid fragments 
in a library that contains fragments of the BRCA2 sequence, sequencing the 
amplified fragments to obtain the BRCA2 sequence between known parts of the 
sequence and the cloning vector, and repeating this process to assemble the 
full length BRCA2 sequence from the sequences thus obtained; and/or, 

(c) using rapid amplification of cDNA ends (RACE), by synthesizing 
cDNAs from a number of different RNAs , the cDNAs being ligated to an 
oligonucleotide linker, and amplifying by PCR the BRCA2 cDNAs using one 
primer that primes from the 3RCA2 cDNA sequence of figure 1 and a second 
primer that primes from the oligonucleotide linker, sequencing the 
amplified nucleic acid and repeating this process to assemble the full 
length BRCA2 sequence from the sequences thus obtained. 

3. A nucleic acid molecule comprising a part of the BRCA2 gene as set 
out in figure 4 or alleles thereof. 

4. A nucleic acid molecule comprising the full length coding sequence 
or complete BRCA2 gene as obtainable by; 

(a) using the nucleic acid sequences shown m figures 1, 2 or 4 to 
construct probes for screening cDNA or genomic libraries, sequencing the 
positive clones obtained, and repeating this process to assemble the full 
length BRCA2 sequence from the sequences thus obtained; 

(b) using the sequences shown in figures 1, 2 or 4 to obtain 
oligonucleotides for priming BRCA2 nucleic acid fragments, these 
oligonucleotides being used in conjunction with oligonucleotides designed 
to prime from a cloning vector, to amplify by PCR nucleic acid fragments 
m a library that contains fragments of the BRCA2 sequence, sequencing the 
amplified fragments to obtain the BRCA2 sequence between known parts of the 
sequence and the cloning vector, and repeating this process to assemble the 
full length BRCA2 sequence from the sequences thus obtained; and/or, 

(c) using rapid amplification of cDNA ends (RACE) , by synthesizing 


cDNAs from a number of different RNAs. the cDNAs being ligated to an 
c 1 igor.ucleot ide linker, and amplifying by PCR the BRCA2 cOMAs using one 
primer that primes from the BRCA2 cDNA sequence of figures 1 or 4 and a 
second primer that primes from the oligonucleotide linker, sequencing the 
amplified nucleic acid and repeating this process to assemble the full 
length BRCA2 sequence from the sequences thus obtained. 


5 . A nucleic acid molecule which is an allele or variant of a BRCA2 
nucleic acid molecule as obtainable in claim 2 or claim 4, 

5 . A nucleic acid molecule which has a nucleotide sequence encoding a 
BRCA2 polypeptide including the ammo acid sequence set out m figure 3. 


7 . A nucleic acid molecule which has a nucleotide sequence encoding a 
■5 BRCA2 polypeptide including the amino acid sequence set out in figure 5. 

8 . A nucleic acid molecule which has a nucleotide sequence encoding a 
BRCA2 polypeptide including the amino acid sequence set out in figure 


9 _ ^ nucleic acid molecule which has a nucleotide sequence encoding a 
polypeptide which is a variant, derivative or allele of a BRCA2 polypeptide 
including the amino acid sequence set out in any one of figure 3, 5 or 7 . 


10. The nucleic acid of claim 9 encoding a polypeptide having at least 

25 80% sequence homology to the BRCA2 polypeptide including the amino acid 

sequence set out m any one of figure 3, 5 or 7. 

11. The nucleic acid molecule of claim 9 or claim 10 wherein Che molecule 
has one or more of the mutations sec out in table 1 . 

30 

12. The nucleic acid molecule of claim 11 having a 6174delT mutation. 

13. The nucleic acid molecule of claim 11 having a 6S03delTT mutation. 

35 14. A nucleic acid molecule which has a nucleotide sequence encoding a 

fragment or active portion of a BRCA2 polypeptide including the amino acid 
sequence set out in any one of figure 3, 5, or 7 

15. The nucleic acid molecule of any one of claims 1 to 14 further 
43 comprising all or a part the BRCA2 promoter region, the nucleic acid 
sequence of which is set out in figure 6 . 


16. A replicable vector comprising nucleic acid of any one of claims l 
to 14 operably linked to control sequences to direct its expression. 


45 
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1 ■? . The vector cf claim 16 further comprising the nucleic acid of claim 
15 operably linked to promote the expression of the nucleic acid encoding 
the SRCA2 polypeptide. 

5 13 . Host cells transformed with the vector of claim 16 or claim 17. 

19. A method of producing a 3RCA2 polypeptide comprising culturing the 
host cells cf claim 13 so that BRCA2 polypeptide is produced. 

1 C 20. The method of claim 19 comprising the further step of recovering the 
polypeptide produced. 

21. The nucleic acid molecule of any one of claims 1 to 15, or its 
complement, further comprising a label. 

22. A nucleic acid molecule of any one of claims 1 to 15 for use in a 
method of medical treatment. 

23 . A substance which is a BRCA2 polypeptide encoded by the nucleic acid 
23 of claim 2 or claim 4. 

24. A substance which is a BRCA2 polypeptide including the amino acid 
sequence set out in figure 3. 

25 25. A substance which is a 8RCA2 polypeptide including the amino acid 

sequence set out in figure 5. 

26. A substance which is a BRCA2 polypeptide including the ammo acid 
sequence set out in figure 7. 

33 

27. A substance which is a polypeptide having at least 80% sequence 
homology to the BRCA2 polypeptide including the amino acid sequence set out 
in any one of figure 3, 5 or 7 . 

35 28. A substance which is a polypeptide which is a variant, derivative or 

allele of a BRCA2 polypeptide of any one of claims 22 to 27. 

29. A substance which is a fragment or active portion or functional 
mimetic of a BRCA2 polypeptide including the amino acid sequence of any one 

4 3 of figures 3, 5, or 7 . 

30. The substance of any one of claims 22 to 29 further comprising a 
label . 


4 5 3 1 . 


The substance of any one of claims 22 to 30 for use in a method o 


T.edica^ treatment . 


32. An antibody capable of specifically binding to a BP.CA2 polypeptide 
cf any one of claims 22 to 30. 

33. The antibody of claim 32 further comprising a label 

34. A pharmaceutical composition comprising a substance cf any one of 
claim- 22 to 30. 

ID 

35. A pharmaceut ical composition comprising an antibody of claim 32 or 
claim 33 . 

36. The pharmaceutical composition of claim 34 or claim 35 additionally 
15 comprising a pharmaceutically acceptable carrier. 

37. a method of diagnosing a susceptibility or predisposition to cancer 
in a patient by analysing a sample from the patient for the 3RCA2 gene or 
the polypeptide encoded by it, the method comprising: 

20 (a) comparing the sequence of nucleic acid in the sample with the 

BRCA2 nucleic acid sequence as set out in figure 1, 2, 4 or 7 to determine 
whether the sample from the patient contains mutations; or, 

(b) determining the presence in the sample of the polypeptide encoded 
by the BRCA2 gene as set out in the partial sequences of figures 3 and 5 

25 or the full length sequence of figure 7 and, if present, determining 

whether the polypeptide is full length, and/or is mutated, and/or is 
expressed at the normal level; or, 

(c) using DNA fingerprinting to compare the restriction pattern 
produced when a restriction enzyme cuts a sample of nucleic acid from the 

30 patient with the restriction pattern obtained from normal BRCA2 gene 
comprising the sequence set out in figures 1, 2, 4 or 7 or from known 

mutations thereof; or, 

(d) using a specific binding member capable of binding to a BRCA2 
nucleic acid sequence as set out in figures 1, 2, 4 or 7 (either a normal 

35 sequence or a known mutated sequence) , the specific binding member 

comprising nucleic acid hybridisable with the BRCA2 sequence, or substances 
comprising an antibody domain with specificity for a native or mutated 
BRCA2 nucleic acid sequence or the polypeptide encoded by it, and detecting 
the binding of the specific binding member to its binding partner by means 
40 of a label; or, 

(e) using PCR involving one or more primers based on normal BRCA2 
gene sequence set out in figures 1, 2, 4 or 7, or mutated forms thereof, 
to screen for normal or mutant BRCA2 gene in a sample from a patient. 

4 5 38. The method of claim 37 wherein the patient sample is analysed by 


single stranded conformation polymorphism (SSCP1 and/or by a p 
truncation (PTT) assay. 


rote in 


39. A method of identifying a target nucleic acid molecule m a test 
sample using a nucleic acid probe having a portion of the sequence shown 
m any one of figures 1, 2, 4 or 7 or a complementary sequence thereof, the 
method comprising contacting the probe and the test sample under 
hybridising conditions and observing whether hybridisation takes place. 

40. The method of claim 39 wherein the probe is used to identify a BRCA2 
nucleic acid sequence or a mutant allele thereof. 

41. The method of claim 39 wherein the probe is used to identify BRCA2 
nucleic acid of other species. 

42. A method of determining the presence of one or more mutations m a 
sample of nucleic acid from a patient using one or more allele specific 
nucleic acid probes having the sequence or a portion of the sequence set 
out of figures 1, 2, 4 or 7 or a complementary sequence thereof, the method 
comprising contacting the probe and the test sample under hybridising 
conditions and observing whether hybridisation takes place. 

43. The method of claim 42 wherein a plurality of allele specific probes 
are used, the probes being irrmobilised in an array on a solid support, the 
hybridisation of the nucleic acid sample to the probes being detected by 
means of a label . 

44. The method of claim 42 or claim 43 wherein the mutations include one 
or more of those set out in table 1. 

45. The use of a nucleic acid molecule of any one of claims 1 to 15 in 
the preparation of a medicament for treating cancer. 

46. The use of claim 45 wherein the cancer is female breast cancer, male 
breast cancer, ovarian cancer, prostate cancer, colorectal cancer, ocular 
melanoma or leukaemia. 

47. The use of claim 45 or claim 46 wherein the nucleic acid molecule 
is an antisense oligonucleotide capable of hybridising to the complementary 
sequence of BRCA2 nucleic acid, pre-mRNA or mature mRNA so that the 
expression of the BRCA2 nucleic acid is reduced or prevented. 

48. The use of claim 45 or claim 46 wherein the use of the nucleic acid 
is in a method of gene therapy. 
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49. The use of a nucleic acid sequence of any one of claims 1 to 15 in 
the design of primers for use m the polymerase chain reaction. 

5C The use of a nucleic acid sequence of any one of claims 1 to 15 m 
5 the design of a nucleic acid probe for detecting the presence of mutations 
m a nucleic acid sample from a patient. 

51. The use of nucleic acid encoding all or a functional part of the 
3RCA2 promoter region set out in figure 6 in screening for substances which 

1C modulate the expression of nucleic acid under the control of the promoter. 

52. A polypeptide having a BRCA2 amino acid motif set out in table 4, the 

motif being conserved between the human BRCA2 sequence set out in any one 
of figures 3, 5 or 7 and the sequence of another species. 

15 

53. Use of a substance of any one of claims 23 to 30 in the preparation 
of a medicament for treating cancer. 

54. The use of claim 53 wherein the cancer is female breast cancer, male 
2 C breast cancer, ovarian cancer, prostate cancer, colorectal cancer, ocular 

melanoma or leukaemia . 

55. The use of an antibody of claim 32 or claim 33 for determining the 
presence, amount or location in a cell of BRCA2 polypeptide or mutant forms 

25 thereof. 

56. Use of substance of any one of claims 23 to 30 to screen for binding 
partners to the substance. 

33 57. a method of screening for substances which mimic the activity of 

BRCA2 polypeptide or a portion thereof, the method comprising contacting 
the test substances with a BRCA2 specific binding partner and, and 
determining whether the test substances bind to the specific binding 
partner . 

35 

58. The method of claim 57 further comprising the testing the substances 
binding to the specific binding partner for activity as cancer 
therapeutics . 

4C 59. A method of screening for substances which affect or modulate the 
activity of the BRCA2 polypeptide of any one of claims 2 3 to 30, the method 
comprising contacting one or more test substances with the BRCA2 
polypeptide in a reaction medium, testing the activity of the treated BRCA2 
polypeptide and comparing that activity with the activity of the BRCA2 
45 polypeptide in comparable reaction medium untreated with the test substance 


or substances . 




63. A kit for detecting mutations m the BRCA2 gene associated with a 
susceptibility to cancer, the kit comprising one or more nucleic acid 
5 probes capable of specifically binding a mutated BRCA2 nucleic acid 
sequence . 

61. A kit for detecting mutations in the BRCA2 gene associated with a 
susceptibility to cancer, the kit comprising one or mere antibodies capable 
1C of specifically binding a mutated BRCA2 nucleic acid sequence. 

62 . A kit comprising at least one oligonucleotide primer having a 
sequence corresponding to or complementary to a portion of the nucleic acid 
sequence set out in any one of figures 1, 2, 4 or 7 for use in amplifying 
15 a BRCA2 nucleic acid sequence or an allele thereof. 


63. The kit of claim 62 wherein the primers are for detecting mutations 
m the BRCA2 gene by single stranded conformation polymorphism (SSCP) 
and/or by a protein truncation (PTT) test. 

20 

64. A kit for determining the presence of one or more mutations in a 
sample of nucleic acid from an individual, the kit comprising: 

(a) a solid support having immobilised thereon one or more allele 
specific nucleic acid probes having sequences corresponding to portions of 

25 the sequence set out of figures 1, 2, 4 or 7 or a complementary sequence 
thereof and/or one or more antibodies capable of specifically binding a 
mutated BRCA2 nucleic acid sequence; and, 

(b) a label for marking the presence of sample nucleic acid 
hybridised to the probe (s) or antibodies, or to probes or antibodies not 

3C hybridised to sample nucleic acid. 


65. The kit of claim 64 wherein the label is adapted for binding to the 
nucleic acid sample prior to contacting the sample with the support. 

66 . The kit of claim 64 wherein the label is associated with a developing 
agent, the developing agent being capable of binding to sample nucleic acid 
hybridised to the probe (s) or antibodies, or to probes or antibodies not 
hybridised to the sample nucleic acid. 

67. a chimeric animal having an normal BRCA2 allele. 

68. A chimeric animal having a BRCA2 allele having one or more of the 
mutations set out table l. 


ft 
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